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The present invention 
relates to the problem 
of calibrating an antenna 
system (23) comprising 
an electrically controlled 
antenna (25) using a test 
antenna (45) airanged near 
the electrically controlled 
antenna, with the possibility 
of calibrating during 
operation, when disturbing 
reflections or other unknown 
signal influences are present 
when signals are transmitted 
between the test antenna and 
the electrically controlled 
antenna or between the 
electrically controlled 
antenna and the test antenna. 
TTie electrically controlled 
antenna comprises a number 
of modules (27-(l-N)) 
having means (91-(1-N)) 
for controlling the complex 
amplification of the modules. 
Each module is arranged 
with a commandable 
reference mode at reception 
and/or transmission. The 
antenna system is calibrated 




for reception and transmission, respectively, by transmitting test signals between the test antenna and the electrically controlled antenna 
and/or by transmitting test signals between the electrically controlled antenna and the test antenna, the effect of the unknown signal 
influence being eliminated by utilization of the reference modes at reception and/or transmission. 
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METHOD AND DEVICE FOR ANTENNA CALIBRATION 

TECHNICAL FIELD 

5 The present invention is related to devices and methods for antenna calibration. 
In particular the invention is related to calibration of antenna systems comprising 
electrically controlled antennas. 

DESCRIPTION OF RELATED ART 

10 

Many technical applications comprise some form of antenna function, in which 
signals are to be received or transmitted through air. Examples of such applications 
are radios, television sets, mobile telephony systems and radar systems. 

15 The demand for directional function in an antenna varies with the application. A 
radio is to be able to receive signals from different radio stations independently of 
where it has been placed, and the antenna should therefore preferably be equally 
sensitive in all directions in the horizontal plane. A television set, on the other hand, 
should only be sensitive to signals coming from the nearest television mast. The 

20 antenna of a television set should therefore be arranged in such a way that it is 
particularly sensitive to signals coming from a particular direction, and signals 
coming from other directions should be suppressed to the greatest degree possible, 
A radar is usually to both transmit and receive in a certain direction, and it should 
also be possible to change this direction so that the radar can obtain information 

25 about the surroundings in different directions. For radar also it is desirable that the 
antenna suppress signals from other directions than the direction in which the radar 
is currently transmitting and receiving. 

One type of antenna having a directional function is the so-called reflector antenna. 
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A reflector antenna comprises a conducting reflector, positioned behind the antenna 
element itself. The dimensions of the reflector should be considerably greater than 
the wave-length of the signals used for the application concerned. The reflector is 
shaped in such a way that it superimposes signals incoming in a certain direction. 
The sensitivity direction of the antenna can be changed by mechanically redirecting 
the antenna. The most common reflector antenna is probably the dish antenna. The 
reflector of a dish antenna functions as a parabolic mirror, concentrating waves 
incoming parallel to the main axis of the dish to the focus of the dish. In the focus of 
the dish the antenna element, usually a horn antenna is placed. 

Another type of antenna having a decided directional function is the so-called elec- 
trically controlled antenna. An electrically controlled antenna comprises a number of 
modules, usually arranged in a row or in a matrix pattern. The number of modules 
can vary very much depending on the application concerned. Each module usually 
comprises one antenna element. 

At transmission of a signal from an elecuically controlled antenna the signal is 
divided into a number of sub-signals of equal size, and each sub-signal is fed to one 
of the modules. The modules comprise signal channels guiding the sub-signals to 
the antenna elements. Each signal channel comprises controllable attenuators 
(alternatively controllable amplifiers) and controllable phase-shifting devices for 
controlling the amplification and the phase shift of the modules. The signals trans- 
mitted through the antenna elements interfere with each other. By selecting suitable 
values of the relative amplification and the relative phase-shifting between the 
modules and by utilizing the interference of the transmitted signals, the directional 
sensitivity - the antenna diagram - of the antenna can be controlled. When the direc- 
tional sensitivity of the antenna is to be redirected, only the amplification and the 
phase-shifting of the modules have to be changed. The change of the amplification 
and the phase-shifting can be done electronically so that no mechanical redirection 
of the antenna has to be carried out. 
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During reception in an electrically controlled antenna, the opposite procedure takes 
place compared to transmission. Each antenna element receives a sub-signal. The 
modules comprise signal channels for reception and through these signal channels 
the sub-signals are transmitted to an addition point in which all sub-signals are 
5 added to form one signal. The signal channels for reception also comprise amplifiers 
and phase shifters, and the directional sensitivity of the antenna for reception can be 
controlled in a corresponding way as for transmission, by varying the amplification 
and phase-shifting of the modules. 

10 Modules enabling both transmission and reception are normally called T/R modules 
(Transmitter/Receiver modules). 

As previously mentioned, for some applications it is desirable that the antenna 
transmit or receive in a particular direction while signals in other directions are 
15 suppressed to as great a degree as possible. For transmission it is usually desirable 
to concentrate the transmitted signal as much as possible and for reception to avoid 
disturbing signals from the adjacent directions. These properties are usually summed 
up in that the side lobe levels of the antenna are to be as low as possible* 

20 To enable low side lobe levels with an electrically controlled antenna, requirements 
are made i.a. on the size (area) of the antenna and the accuracy of the amplification 
and the phase shift in the modules. To achieve a high accuracy in the properties of 
the modules, either high demands must be made on the components of the modules 
or some kind of calibration function must be introduced in the antenna system. 

25 

In patent literature there are a number of descriptions of electrically controlled 
antennas that may be calibrated and methods for calibrating them. 

Calibration of electrically controlled antennas is discussed, for example, in the 
30 patent specifications US-5 063 529, US-4 532 518 and US-4 994 813. These patent 

.<WO 9852248A1 I > 
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specifications are based on the injection of a known test signal. The test signal is 
distributed by means of a calibration network and is inserted separately in all the 
T/R modules. Alternatively, the test signal is generated in a calibration horn 
positioned in front of the antenna. 

The amplification and phase shift of the T/R modules are obtained by considering 
the change in amplitude and phase of the test signal when it passes the T/R module. 
The control signals controlling the attenuators and the phase shifters in the T/R 
modules can now be corrected so that the amplification and the phase-shifting are 
made to coincide with the commanded (desired) amplification and phase-shifting. 

The method of using a calibration horn work well in stationary ground system since 
a calibration horn in such a system can relatively easily be placed in the remote 
field, the position of the horn relative to the antenna be measured and the calibration 
be performed. In, for example, an airplane radar such an arrangement is of course 
impossible if it is to be possible to calibrate during operation. 

If the hom is instead placed at a nearfield distance from the antenna, the position of 
the hom relative to the antenna must be known with a high accuracy, in order for the 
test signals inserted in the T/R modules to have a known amplitude and phase. Also 
this places strict requirements that no signals be reflected back to the antenna from 
the surrounding. This is not fulfilled, for example, in an airplane radar in which 
reflection from radome and other parts of the airplane can occur. It is generally 
impossible to predict the influence of these reflections and this type of calibration is 
therefore not suitable, for example, for an airplane radar. 

The method of providing the antenna with an extra calibration network functions 
well even in, for example, an airplane radar. The disadvantage of this solution is the 
high complexity implied by the distribution network, in particular in the cases when 
the antenna comprises a large number (thousands) of T/R modules. 
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The present invention relates to solving the problem of calibrating an antenna 
system comprising an electrically controlled antenna utilizing a test antenna 
arranged near the electrically controlled antenna, with the possibility of calibration 
during operation when disturbing reflections or other unknown signal influences are 
present when signals are transmitted between the test antenna and the electrically 
controlled antenna or between the electrically controlled antenna and the test 
antenna. 

The problem formulated above is generally solved according to the following. 
The electrically controlled antenna comprises a number of modules having control 
means for controlling the amplification and phase-shifting of the modules at recep- 
tion or transmission. The phase-shifting and the amplification at reception or trans- 
mission for each module in relation to the other modules are to coincide with a 
commanded phase-shifting and a commanded amplification at reception or trans- 
mission for the module. The calibration of the antenna system is to make sure that 
this is fulfilled. The antenna system is calibrated on the basis of an investigation of 
the phase-shifting and amplification of the modules at reception or transmission. 
The phase-shiftings and the amplifications at reception or transmission for the 
modules are investigated by test signals being transmitted through the test antenna 
and received through the electrically controlled antenna and/or through the trans- 
mission of test signals through the electrically controlled antenna and the reception 
through the test antenna, whereby received signals, corresponding to the test signals, 
are obtained. The received signals generally have an amplitude and a phase that are 
different from the amplitude and the phase of the test signals. This difference is 
caused to some degree by the phase-shiftings and the amplifications at reception or 
transmission for the modules, but generally also depends on other signal influences. 
If such an other signal influence, for example, as a result of reflections from the sur- 
roundings during signal transmission between the test antenna and the electrically 
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controlled antenna, is unknown, it is impossible with any accuracy to determine the 
phase-shifting and the amplification at transmission or reception for the modules 
based on a comparison between the test signals and the received signals. According 
to the invention, therefore, it is suggested that each module be arranged with a com- 
5 mandable reference mode at reception, at which the phase-shifting and amplification 
of the module at reception are known. Utilizing the reference modes at reception, 
information about the unknown signal influence can be obtained so that the effects 
of the unknown signal influence at calibration can be eliminated. Each of the 
modules can also be arranged with a reference mode at transmission, in which the 

10 phase-shifting and amplification of the module at transmission are known. 

Information about the unknown signal influence can then, in a corresponding way, 
be obtained utilizing the reference modes at transmission. Each module is also 
arranged with a conwnandable isolated mode, in which the module does not let any 
signals through. Phase-shifting and amplification can thus be investigated separately 

15 for each module by commanding the other modules to their isolated modes. 

Thus, the object of the invention is to calibrate the antenna system by investigating 
the phase-shifting and amplification of the modules during reception and/or trans- 
mission utilizing test signals, whereby the effects of the unknown signal influences 
20 on the test signals can be eliminated by utilization of the reference modes during 

reception or transmission. The invention comprises devices and methods to achieve 
these objects. 

The above formulated problem is solved more specifically according to the foUow- 
25 ing. A way of arranging the modules with reference modes at reception is to make a 
survey of the phase-shifting and amplification of the modules during reception as a 
function of the temperature and frequency for predetermined settings of the control 
signals controlling the control means for controlling the phase-shifting and ampli- 
fication of the modules during reception. Data corresponding to these surveys is 
30 stored in memory means in the antenna system. The antenna system is arranged with 
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temperature-measuring means. As the antenna system can then measure the temper- 
ature, the phase-shiftings and amplifications of the modules during reception are 
known for the predetermined settings of the control signals, whereby the reference 
modes for reception have been obtained. Another way of arranging the modules 
5 with reference modes at reception is arranging the modules in such a way that the 
electronic circuitry in each module can be bypassed on command by a reference 
means, for example a transmission conductor. The phase-shifting and amplification 
of the modules during reception are determined in such a situation mainly by the 
phase-shifting and amplification of the reference means. The phase-shifting and 

10 amplification of the modules during reception are surveyed when the reference 
means is connected as a function of the temperature and frequency. The antenna 
system is arranged with temperature-measuring means. As the temperature can be 
measure by the antenna system, the phase-shifting and amplification during recep- 
tion for the modules are known when the reference means are connected, whereby 

15 the reference modes at reception are obtained. According to the invention it is 
suggested how the antenna system can be calibrated during reception when the 
modules have been arranged with reference modes at reception. According to the 
invention it is also suggested how the antenna system can be calibrated in transmis- 
sion when the modules have been arranged with reference modes at reception. The 

20 modules can be arranged with reference modes at transmission in a corresponding 
way as at reception. According to the invention it is suggested how the antenna 
system can be calibrated in transmission when the modules have been arranged with 
reference modes at transmission. According to the invention it is also suggested how 
the antenna system can be calibrated at reception when the modules have been 

25 arranged with reference modes at transmission. 

The invention has the advantage that the antenna system can be calibrated with 
relatively simple means. 

30 
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The invention will be described in more detail in the following by means of pre- 
ferred embodiments and with reference to the enclosed drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 

Figure 1 shows a principle sketch of the calibration of an electrically controlled 
antenna according to prior art. 

Figure 2 shows a principle sketch of an attempt to calibrate an electrically controlled 
10 antenna during operation in a moving application. 

Figure 3 is a block diagram of a construction of an antenna system. 

Figure 4 is a block diagram of a construction of a T/R module. 

15 

Figure 5 is a block diagram illustrating signal models. 

Figure 6 is a flow chart of calibration of an antenna system during reception. 

20 Figure 7 is a flow chart of a sub-step at calibration of an antenna system during 
transmission. 

Figure 8 shows a first part of a flow chart of a sub-step at calibration of an antenna 
system during transmission. 

25 

Figure 9 shows a second part of a flow chart of a sub-step at calibration of an 
antenna system during transmission. 

Figure 10 is a block diagram of a construction of a T/R module. 

30 
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DESCRIPTION OF PREFERRED EMBODIMENTS 

Figure 1 shows how calibration of an electrically controlled antenna 1 can be carried 
out according to prior art. A test antenna 5 is placed at a remote field distance from 
5 the electrically controlled antenna 1. The position of the test antenna 5 relative to the 
electrically controlled antenna 1 is accurately measured. The test antenna 5 and the 
electrically controlled antenna 1 are positioned in such a way as to minimize the 
reflections occurring from the surroundings. 



10 At calibration during reception a test signal is transmitted from the test antenna 5 

and received through the electrically controlled antenna 1. The way in which the test 
antenna 5 is arranged in Figure 1 makes it possible to determine the phase and the 
amplitude of the signals inserted into the radiation elements 3 of the electrically 
controlled antenna 1 relatively accurately. By measuring the phase and the ampli- 

15 tude of the signal received through the electrically controlled antenna 1, it is dius 
possible to obtain information about the actual phase-shifting and amplification of 
the modules. The actual phase-shifting and amplification are compared to the 
desired phase-shifting and amplification, and a switching of the control signals to 
the phase shifters and attenuators of the modules can be performed based on this 

20 comparison. The configuration shown in Figure 1 can also be used to calibrate the 
electrically controlled antenna 1 during transmission. The test signal is then trans- 
mitted from the electrically controlled antenna 1 and received through the test 
antenna 5; the calibration is in all other respects carried out in a corresponding way 
as with calibration during reception. 

25 

In a moving application, such as, for example, a radar in an airplane, the ideal con- 
ditions valid for the calibration described in Figure 1 do not exist. In Figure 2, an 
attempt to calibrate an electrically controlled antenna 7 in an airplane 9 is shown. 
The electrically controlled antenna 7 is here arranged in a radome 1 1 in the nose of 
30 the airplane 9. A test antenna 13 is also arranged in the radome 11. The test antenna 

<WO 985224BA1 I > 
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13 in Figure 2 is much closer to the electrically controlled antenna 7 than was the 
case in Figure 1, which poses stricter requirements on the determination of the 
position of the test antenna 13 relative to the electrically controlled antenna 7. When 
a test signal is transmitted from the test antenna 13 in Figure 2, reflections causing 
5 problems will arise in the radome 1 1 . A signal received through any of the radiation 
elements 21 of the electrically controlled antenna 7 will therefore be combined by a 
direct signal 15 as well as a number of reflected signals 17 and 19. Thus, the signals 
received through the radiation elements 21 are not fully known, which reduces or 
prevents the calibration ability of the system in Figure 2, On the whole, this causes 
10 the configuration shown in Figure 2 to be unsuitable for a moving application in 

which calibration is to be carried out during operation. Therefore, more complicated 
solutions are normally needed for such applications. 

The present invention is now to be described, with reference to Figures 3 to 10. 

15 

Figure 3 shows an antenna system 23 in accordance with the present invention. 
The antenna system of Figure 3 can, for example, be conceived to be part of a radar. 

The antenna system in Figure 3 comprises an antenna unit 25, which is an electric- 
20 ally controlled antenna. The antenna unit 25 comprises a number of T/R modules 
27-(l-N), each in turn comprising radiation elements 29-(l-N), through which 
signals can be transmitted or received. 

The antenna unit 25 further comprises a distribution unit 31. The distribution unit 31 
25 comprises an analogue distribution connection 33 connected to a bidirectional 

analogue distribution net situated in the distribution unit - not shown in Figure 3. 
The analogue distribution network connects the analogue distribution connection 33 
to analogue signal connections 35-(l-N) in each T/R module 27-(l-N). Signals to be 
transmitted through the antenna unit 31 are thus fed to the distribution connection 
30 33 and distributed by the analogue distribution network to the analogue signal 
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connec-tions 35-(l-N) of the T/R modules 27-(l-N). During reception, signals are 
supplied to the analogue distribution network from the analogue signal connections 
35-(l-N) of the T/R modules 27-(l-N), and these signals are added by the analogue 
distribu-tion network to a sum signal, which is fed to the analogue distribution 
5 connection 33. The sum signal thus constitutes the signal received through the 
antenna unit 25. 



The distribution unit 31 also comprises digital distribution connections for digital 
communication to and from the T/R modules - the digital distribution connections 

10 being collectively referred to by reference numeral 37 in Figure 3. The distribution 
unit 31 comprises a first digital distribution network - not shown in Figure 3 - for 
digital signal transfer to the T/R modules 27-(l-N). The first digital distribution net- 
work distributes digital signals from the digital distribution connections 37 to digital 
input signal connections in the T/R modules 27-(l-N). The distribution unit 31 also 

15 comprises a second digital distribution network - not shown in Figure 3 - which 
transfers digital signals from digital output output signal connections in the T/R 
modules 27-(l-N) to the digital distribution connections 37. The digital input signal 
and output signal connections for each T/R module 27-(l-N) are collectively 
referred to by reference numeral 39-(l-N) in Figure 3. 

20 

The antenna system 23 in Figure 3 further comprises a control unit 41 for control- 
ling the antenna system 23. The control unit 41 comprises digital input signal and 
output signal connections, collectively referred to by reference numeral 43 in Figure 
3. The digital input signal and output signal connections 43 of the control unit 41 are 
25 connected to the digital distribution connections 37. Bidirectional digital communi- 
cation channels are in this way established between the control unit 41 and the T/R 
modules 27-(l-N). The digital communication channels are utilized by the control 
unit 41 for control and supervision of the work of the T/R modules 27-(l-N). 

30 Figure 4 shows, by means of an example, a construction of the T/R modules 
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27-(l-N) of the antenna system 23 in Figure 3. The T/R module in Figure 4, as an 
example, T/R module No. i 27-i, comprises an analogue signal connection 35-i and 
a radiation element 29-i. The T/R module 27-i in Figure 4 has functions for 
reception and transmission. 

5 

The analogue signal connection 35-i of the T/R module 27-i in Figure 4 is connected 
to a signal connection 83-i of a controllable attenuator 81-i. The controllable attenu- 
ator 81-i is followed by a controllable phase shifter 85-i. The controllable attenuator 
81-i and the controllable phase shifter 85-i comprises control signal inputs 87-i and 
10 89-i for receiving control signals c3-i and c4-i. The control signal inputs 87-i and 
89-i of the controllable attenuator 81-i and the controllable phase shifter 85-i are 
connected to a corresponding first set of control signal outputs 93-i of a control unit 
91-i belonging to the T/R module 27-i. The control unit 91-i is thus arranged to 
control the controllable attenuator 81-i and the controllable phase shifter 85-i. 

15 

A signal connection 95-i of the controllable phase shifter 85-i is connected to a 
signal connection 97-i of a first controllable switch 99-i. The first controllable 
switch 99-i can be set to a first position 101 -i, whereby the signal connection 97-i 
of the first controllable switch 99-i is connected to an input 105-i of a first amplifier 
20 103-i. The first controllable switch 99-i can also be set to a second position 107-i, 
whereby the signal connection 97-i of the first controllable switch 99-i is connected 
to an output 1 1 1-i of a second amplifier 109-i. 

The T/R module 27-i in Figure 4 further comprises a second controllable switch 
25 1 13-i having a signal connection 1 15-i. The second controllable switch 1 13-i can 
be set to a first position 1 17-i, whereby the signal connection 1 15-i of the second 
controllable switch 1 13-i is connected to an output 1 19-i of the first amplifier 103-i. 
The second controllable switch 1 13-i can also be set to a second position 121-i, 
whereby the signal connection 1 15-i of the second controllable switch 1 13-i is 
30 connected to an input 123-i of the second amplifier 109-i. 
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The T/R module 27-i in Figure 4 further comprises a third controllable switch 125-i 
having a signal connection 127-i. The third controllable switch 125-i can be set to a 
first position 129-i, whereby the signal connection 127-i of the third controllable 
switch 125-i is connected to the radiation element 29-i of the T/R module 27-i. The 
5 third controllable switch 125-i can also be set to a second position 131-i, whereby 
the radiation element 29-i of the T/R module 27-i is isolated in such a way that 
signals can neither pass to nor from the radiation element 29-i. When the third 
controllable switch 125-i is in its second position 131-i, in this description it is said 
that the T/R module 27-i is in its isolated mode. The signal connection 127-i of the 
10 third controllable switch 125-i is connected to the signal connection 1 15-i of the 
second controllable switch 113-i. 

The three controllable switches 99-i, 113-i and 125-i comprise control signal inputs 
133-i, 135-i and 137-i, connected to a corresponding second set of control signal 
15 outputs 139-i in the control unit 91-i of the T/R module 27-i. The control unit 91-i is 
in this case arranged to control the positions 101-i, 107-i, 117-i, 121-i, 129-i and 
131-i of the three controllable switches 99-i, 1 13-i and 125-i, and this is done by 
means of control signals c4-i, c5-i and c6-i. 

20 In the T/R module 27-i in Figure 4, a signal channel for transmission can be 

established by setting the three controllable switches 99-i, 113-i and 125-i to their 
first positions 101-i, 1 17-i and 129-i. A signal coming into the T/R module 27-i 
through the analogue signal connection 35-i of the T/R module in such a situation 
will then be transferred to the radiation element 29-i through the following elements 

25 in the order stated: the controllable attenuator 81-i, the controllable phase shifter 
85-i, the first controllable switch 99-i, the first amplifier 103-i, the second 
controllable switch 1 13-i and the third controllable switch 125-i. 

In the T/R module 27-i in Figure 4, a signal channel for reception can also be 
30 established, by setting the first and the second controllable switch 99-i and 113-i to 

X)CID: <WO 9852248A1_I_> 
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their second positions 107-i and 121-i, while the third controllable switch 125-i 
remains in its first position 129-i. A signal received through the radiation element 
29-i is in such a situation transferred to the analogue signal connection 35-i of the 
T/R module 27-i through the following elements in the order stated: the third 
controllable switch 125-i, the second controllable switch 113-i, the second amplifier 
123-i, the first controllable switch 99-i, the controllable phase shifter 85-i and the 
controllable attenuator 81-i. 

The T/R module 27-i in Figure 4 further comprises a thermometer 141 -i. The 
thermometer 141-i is arranged to measure the temperature in the T/R module 27-i 
and emit, through a detector signal output 143-i, a temperature detector signal d2-i 
corresponding to the measured temperature. The detector signal output 143-i of the 
thermometer 141-i is connected to a corresponding detector signal input 145-i in the 
control unit 91-i of the T/R module. 

The control unit 91-i in Figure 4 comprises digital input signal and output signal 
connections 147-i, connected to the digital input signal and output signal connec- 
tions 39-i of the T/R module. The control unit 91-i is thus arranged to be able to 
communicate with the control unit 41 in Figure 3. 

To be able to control the directional sensitivity of the antenna unit 25 in Figure 3 
during transmission and reception, as mentioned above, phase-shifting and ampli- 
fication of the different T/R modules 27-(l-N) are to assume specific values. The 
control unit 41 therefore sends commands to each T/R module 27-(l-N) about the 
phase-shifting and amplification to be applied in a given situation. The commanded 
phase-shifting at transmission and reception, respectively, for T/R module No. 1 
27-1 (1< 1 < N) is here denoted by "^^VhASEcom and ^^^^PHASEcom, respectively. 
In a corresponding way '^^'^AMPLIFICATIONcom and "^^'^AMPLIFICATIONcom, 
respectively, denote the commanded amplification for T/R module No. 1 27-1 at 
transmission and reception, respectively. For a simultaneous handling of amplifi- 
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cation and phase-shifting it is suitable to use complex units. Thus, commanded 
complex amplifications ^^*^Acom and '^^'^Acom* respectively, are introduced for T/R 
module No. 1 27- 1 at transmission and reception, respectively, here defined as 

5 """^^^^AcoM - '"'^^'^AMPLIHCATIONcoM ■ exp(j-^'^^'^PHASEcoM) (1) 

Here j denotes the imaginary unit. The use of complex quantities is only to get a 
compact notation in the description of the invention and should not in any way be 
seen as limiting the invention. 

10 

Amplification and phase-shifting - the complex amplification - in the T/R module 
27-i in Figure 4 are controlled by means of the controllable attenuator 81-i and the 
controllable phase shifter .85-i. When the T/R module 27 -i obtains a certain value of 
the commanded complex amplification ^^^*^Acom from the control unit 41, it is the 
15 task of the control unit 91-i to generate such control signals c3-i and c4-i to the 

controllable attenuator and the controllable phase shifter that the complex amplifi- 
cation of the T/R module 27-i relative to the other T/R modules corresponds to the 
actual value of the commanded complex amplification ^^^*^Acom- 

20 In order for the control unit of a T/R module like the T/R module 27-i in Figure 4 
to be able to generate control signals to the attenuator and the phase shifter, it is 
common in the art for the control unit to comprise memory means holding calibra- 
tion data. The calibration data of the control unit in such a case gives the control 
unit information about how the control signals to the attenuator and the phase shifter 

25 are to be set. 

The complex amphfication in a T/R module like the T/R module 27-i in Figure 4 is, 
however, affected by the temperature and by the carrier frequency currently used by 
the antenna system. If an antenna system is to control the T/R modules for a number 
30 of different values of the commanded complex amplifications ^^^*^Acom (1^ 1 ^ N) 
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and utilize different carrier frequencies at the same time as the antenna system is 
exposed to temperature changes, a large amount of calibration data is needed in the 
control unit to enable the exact control of the T/R modules for all the combinations 
of these variables - commanded complex amplifications ^^^^^Acom. carrier frequen- 
5 cies and temperature - that can arise. 

As mentioned above, an altemative known in the art for arranging an antenna 
system so that it can re-calibrate itself during operation when one or more of these 
variables are changed. In a self-calibrating system the control signals to the control- 
10 lable attenuators and phase shifters are calibrated when some of these variables are 
changed. 

For a self-calibrating system, too, it can, however, be optimal to store a certain 
amount of calibration data; the exact amount of calibration data that is optimally to 

15 be stored in a self-calibrating antenna system depends on the application. If, for 
example, the values of the commanded complex amplifications ^^^^^Acom vary 
considerably faster than the temperature and the carrier frequencies used by the 
system vary, it may be suitable to store such an amount of calibration data that 
adjustments of the control signals to the controllable attenuators and phase shifters 

20 are associated to possible values of the commanded complex amplifications 

^^^*^AcoM- When the temperature or the carrier frequency is changed, the system 
adjusts the control signals controlling the controllable attenuators and phase shifters, 
whereby calibration data is modified. If instead the values of the commanded 
complex amplifications ^^^^^Acom and carrier frequency vary faster than the temper- 

25 ature, it may be suitable to store calibration data associating adjustments of control 
signals to the controllable attenuators and the controllable phase shifters to the 
combinations of possible values of the commanded complex amplifications 
^'^^^^AcoM and possible carrier frequencies. If the temperature varies faster than the 
values of the commanded complex amplifications ^^^'^Acom and carrier frequency, it 
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may be the optimal solution to carry out an adjustment of the control signals control 
ling the controllable attenuators and phase shifters every time a variable is changed. 

Antenna systems that are self-calibrating during operation are, as mentioned above, 
5 usually complicated. The antenna system 23 in Figure 3 can, however, be calibrated 
with relatively simple means, which will be described in the following. 

The antenna system 23 in Figure 3 comprises a test antenna 45 having a radiation 
element 46. Through the test antenna 45, signals may be transmitted or received. 
10 The test antenna 45 is arranged near the antenna unit 25, so that the signals trans- 
mitted through the test antenna 45 can be received through the antenna unit 25 and 
so that signals transmitted through the antenna unit 25 can be received through the 
test antenna 45. 

15 The antenna system 23 in Figure 3 also comprises a signal generator 47. The signal 
generator 47 comprises a controllable oscillator 49 and a signal switch 53. The 
controllable oscillator 49 is connected to the signal switch 53. The signal switch 53 
can be set to a first and a second position 55 and 57. When the signal switch 53 is in 
its first position 55, a signal is switched from the controllable oscillator 49 through 

20 the signal switch 53 to a first distribution point 59. The first distribution point 59 is 
connected both to the test antenna 45 and to a first signal input 63 in a receiver 61. 
When the signal switch 53 is in its second position 57, a signal is switched from the 
controllable oscillator 49 through the signal switch 53 to a second distribution point 
65. The second distribution point 65 is connected both to the analogue distribution 

25 connection 33 in the distribution unit 31, and to a second signal input 67 in the 
receiver 61. 

When the signal switch 53 is in its first position 55, thus, a signal from the control- 
lable oscillator 49 will be divided into two parts at the first distribution point 59. 
30 One of the signal parts is received by the receiver 61 through the first signal input 
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63 of the receiver, and the other signal part is fed to the test antenna 45, so that a 
signal will be transmitted from the test antenna 45. If the signal transmitted from the 
test antenna 45 in this way is received by the antenna unit 25, the signal received by 
the antenna unit 25 will be transferred to the second signal input 63 of the receiver 
61. 



When the signal switch 53 is instead in its second position 57, a signal from the 
controllable oscillator 49 will be divided into two parts at the second distribution 
point 65. One signal part is then fed to the second signal input 67 of the receiver, 
and the other signal part is fed to the analogue distribution connection 33 of the 
distribution unit 33, A signal can then be transmitted through the antenna unit 25. 
The signal transmitted through the antenna unit 25 can be received through the test 
antenna 45, and the signal received through the test antenna is fed to the first signal 
input 65 of the receiver 61. 

The signal generator 47 in Figure 3 comprises control signal inputs 69 and 71 for 
receiving control signals cl and c2 for control of the controllable oscillator 49 and 
the signal switch 53. The control signal inputs 69 and 71 of the signal generator are 
connected to a corresponding set of control signal outputs 73 in the control unit 41. 
The control unit 41 is arranged to emit control signals cl and c2 through the control 
signal outputs 73 for control of the signal generator 47. Thus, the control unit can 
control the position 55 or 57 in which the signal switch 53 will be, and the signal 
frequencies to be generated by the controllable oscillator 49. 



The receiver 61 in Figure 3 comprises detectors - not shown in Figure 3 - for 
detection of phase difference and amplitude ratio between the signals received on 
the first and second signal inputs 63 and 67 of the receiver 61 . The receiver 61 also 
comprises a detector signal output 75 through which a detector signal dl is emitted. 
The detector signal dl distributes information of the phase difference and the ampli- 
tude ratio detected by the receiver 61. The detector signal output 75 in the receiver 
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61 is connected to a corresponding detector signal input 77 in the control unit 41 . 
The control unit 41 thus obtains information about the phase difference and the 
amplitude ratio detected by the receiver 61. 

5 Each of the T/R modules 27-(l-N) shown in Figures 3 and 4 has been arranged with 
a commandable reference mode at reception. The control unit 41 commands one of 
the T/R modules, for example, T/R module No. 1 27-1 (1< I < N), in the reference 
mode at reception by transmitting a command through the digital communication 
channel to the T/R module 27-1 concerned, said command indicating that the T/R 

10 module 27-1 is to be set to its reference mode at reception. The control unit 91-1 in 
the T/R module 27-1 concerned then sets the T/R module 27-1 in reception mode 
with predetermined values of the control signals c3-l and c4-l for control of the 
controllable attenuator 81-1 and the controllable phase shifter 85-1 in the T/R module 
27-1. For the predetermined values of the control signals c3-l and c4-l, the complex 

15 amplification at reception for the T/R module 27-1 in question have been surveyed 
as a function of the temperature T and the frequency f, and the control unit 91-1 of 
the T/R module 27-1 is arranged with memory means holding data from the survey 
describing the complex amplification of the T/R module 27-1 for the reference mode 
at reception as a function of the temperature T and the frequency f . In a correspond- 

20 ing way the complex amplification at reception for the other T/R modules 27-q 
(1< q < N; q 1) has been surveyed for their reference modes at reception, and 
corresponding data from these surveys has been arranged in the memory means 
in their respective control units 91-q. 

25 It is suitable to make the survey of the complex amplification of the T/R modules 
27-(l-N) for the reference modes at reception under ideal conditions, for example, 
at production or service of the T/R modules 27-(l-N), when methods known in the 
art investigating the complex amplification of the T/R modules 27-(l-N) at recep- 
tion can be used. 

30 
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The complex amplification at reception for the T/R module No. 1 27-1 (1< 1 < N) 
as a function of the frequency f, the temperature T and the commanded complex 
amplification at reception ^^^^Acom for T/R module No. 1 27-1 will in the following 
be denoted ^^*^A(f,T,^^'^AcoM)- In a corresponding way the complex amplification at 
5 transmission for T/R module No. 1 27-1 as a function of the frequency f, the 

temper-ature T and the commanded complex amplification at transmission ^^^^Acom 
for T/R module No. 1 27-1 will be denoted '^^*^A(f,T/^'^AcoM). The complex 
amplification at reception for the reference mode at reception for T/R module No. 
127-1 (1< 1 < N) as a function of the frequency f and the temperature T will in the 
10 following be denoted ^^*^^^A(f,T,) and is here, because of the survey, a known 
parameter. 

By means of the survey of the complex amplifications at reception ^^'^^^A(f,T) 
(1< 1 < N) for the reference modes at reception for the T/R modules 27-1, the 
15 antenna system 23 can be calibrated for reception in a relatively simple manner, 
which will now be described. 



Figure 5 shows a signal model used in calibration of the antenna system 23 in Figure 
3 at reception. Figure 5 describes the signal transport when a test signal, generated 

20 by the controllable oscillator 49, is transmitted through the test antenna 45, to be 

received through the antenna unit 25 of the receiver 61. One of the T/R modules, for 
example, T/R module No. i 27-i, is active at reception, the other T/R modules 27-q 
(1< q < N; q 9t i) are commanded to their isolated modes. In Figure 5, a complex 
description is used, and it is understood that the real signals are obtained by taking 

25 the real part of the complex signals in Figure 5. The test signal bo from the control- 
lable oscillator 49 is here a harmonically oscillating signal with a frequency f and 
can thus be written bo = B exp(j27C f t), where B is a constant, j is the imaginary unit 
and t is the time. 
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The signal in Figure 5 feeding the radiation element 46 of the test antenna 45 is 
denoted bi and this signal generally has a different amplitude and phase than the test 
signal bo. The reasons why the signal driving the radiation element 46 of the test 
antenna 45 has a different amplitude and phase than the test signal bo are i.a. signal 
influence at the transfer of the test signal bo to the test antenna 45 and signal influ- 
ence from the transmission circuitry in the test antenna 45. The signal bi driving 
the radiation element 46 of the test antenna 45 can be obtained by a first complex 
amplification '^'K(f,T) of the test signal bo, so that bi = ^'K(f,T)bo. The first complex 
amplification ^^K(f,T) is here an unknown parameter which may depend on the 
frequency f of the test signal and of the temperature T. 

The radiation element 46 of the test antenna 45 now emits electromagnetic waves, 
which generate a signal ba in the radiation element 29-i of T/R module No. i. The 
signal b2 generated in the radiation element 29-i of T/R module No. i 27-i generally 
has a different phase and amplitude from the signal bi driving the radiation element 
46 of the test antenna 45. The signal b2 can be obtained by a second complex ampli- 
fication Hai(f) of the signal bj so that b2 = Hai(f)bi. The second complex amplifica- 
tion Hai(f) depends on the frequency f and the way in which the wave propagation 
between the radiation element 46 of the test antenna 45 and the radiation element 
29-i of T/R module No. i 27-i takes place. If the wave propagation between the 
radiation element 46 of the test antenna 45 and the radiation element 29-i of T/R 
module No. i 27-i comprises reflections, it is difficult to calculate the second 
complex amplification Hai(f)- Since it is to be possible to calibrate the antenna 
system 23 in Figure 3 during operation, when reflections are quite likely to occur, 
the second complex amplification Hai(f) is here seen as an unknown parameter. 

For wave propagation between the radiation element 46 of the test antenna 45 and 
the radiation element 29-q of the other T/R modules 27-q in a corresponding way 
complex amplifications Haq(f) (l<q<N;q9ti)are defined, corresponding to the 
second complex amplification Hai(f) in Figure 5. 
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The signal received through the antenna unit 25, which is received by the receiver 
61 through the second signal input 67 of the receiver, is denoted 63 in Figure 5. The 
signal ba only depends on the signal hi generated in the radiation element 29-i of 
T/R module No. i 27-i, since the other T/R modules 27-q (1< q < N; q 9£ i) are in 
5 the isolated mode and therefore do not let any signals through. The signal has 
a different amplitude and phase than the signal b2 and is obtained by the complex 
amplification at reception ^^^^A(f,T,^^^^AcoM) for T/R module No. i 27-i operating 
on the signal b2. 

10 The complex amplification at reception ^^'^A(f,T,^^'^AcoM) for T/R module No. i 

27-i in Figure 5 is divided into two parts, the commanded complex amplification at 
reception Acx)m for T/R module No. i, which is a known variable, and a complex 
error amplification ^^'^E(f,T,^^'^AcoM) at reception for T/R module No, i 27-i. The 
complex error amplification at reception ^^'^E(f,T,^^'^AcoM) is an unknown parameter 

15 which can generally depend on the frequency f of the test signal bo, the temperature 
T and the value of the commanded complex amplification at reception ^^*^Acom 
for T/R module No. i 27-i. Introducing the designations we thus have 
^^^^A(f,T,^<^>AcoM) = '''''E(fX''''AcoM) • ''^^^Acom- 

20 In a corresponding way, complex error amplifications at reception 

^^^^E(f,T,'^^^^AcoM) (1< q < N; q ;t i) are defined for the other T/R modules 27-q 
corresponding to the complex error amplification at reception ^^*^E(f,T,^^'^AcoM) 
for T/R module No. i 27-i. 



25 A sufficient condition for the antenna system 23 to be calibrated for reception is, 
as will be understood by those skilled in the art, that the complex error 
amplifications at reception '^^^^E(f,T,^^*^AcoM) for T/R modules 27-1 (1< 1 < N) are 
equal to one. 



I 
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At calibration of the antenna system 23 at reception, the control signals c3-(l-N) 
and c4-(l-N) controlling the controllable attenuators 81-(1-N) and the controllable 
phase shifters 85-(l-N) should be adjusted so that the complex error amplifications 
*^^'^E(f,T,'^^'^AcoM) (1 < 1 < N) at reception for all T/R modules 27-(l-N) are equal to 
5 one. For this purpose an error equation will now be deduced, on the basis of which 
a readjustment of the control signals c3-(l-N) and c4-(l-N) for control of the 
controllable attenuators 81-(1-N) and the controllable phase shifters 85-(l-N) can 
be made. 

10 A complex amplification ratio at reception ^^*^^^G(f,T,^^*^AcoM) for T/R module No. 
i 27-i, corresponding to the frequency f and the commanded complex amplification 
at reception ^^*^Acom for T/R module No. i 27-i is here defined as the ratio between 
the signal received through the second signal input of the receiver and the test 
signal bo, so that 



15 



25 



^<'>^^G(f,T,^^'^AcoM)^b3/bo (2). 



An argument to the complex amplification ratio at reception ^^*^^^G(f,T,^^*^AcoM) 
corresponds to the phase difference between the signal and the signal bo, and the 
20 absolute value of the complex amplification ratio at reception '^^'^^^G/f^T^^^'^AcoM) 
corresponds to the amplitude ratio between the signal bs and the signal bo. The 
complex amphfication ratio at reception ^^^^^^G(f,T,^^'^AcoM) is a known parameter, 
since the phase difference and amplitude ratio between the signals bs and bo can be 
detected by the receiver 61. 



Complex amplification ratios at reception '^^'*^'^^G(f,T,^^^^AcoM) for the other T/R 
modules 27-q (1< q < N; q 9^ i) are defined in a corresponding way as for T/R 
module No. i 27-i. 



30 Considering Figure 5, it is clear that the complex amplification ratio at reception 
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R(i)meq^^ R(,)^^^^^ for T/R module No. i 27-i is combined of the added complex 
amplification of the first and the second complex amplification and the complex 
amplification at reception for T/R module No. i 27-i ^""KCfJ), Hai(f) and 
R(i)E(f T,'^<^^Acom)'''^^^Acom). so that 

R(i)MEG(f ^,^^(1)^.^^^) = ^^K(f,T) . H,(f) • ^^^>E(fX^^^>AcoM) • "^^^Acoi. (3). 

Equation (3) is valid independently of the value of the commanded complex amplifi- 
cation at reception ^^'^Acom; especially a corresponding equation is valid for the 
reference mode at reception for T/R module No. i, so that 

R(i)MEREFQ(f = ''^K(f,T) . Hai(f) • ^^^^^^A(f,T) (4). 

Here G denotes '^<»>merefq^^ complex amplification ratio at reception for the 
reference mode at reception for the T/R module No. i 27-i. 

Using Equations (3) and (4) the following error equation is obtained: 



R(i)ME^^r. R(i) . V R(i)REF* 
CV^l , 1 , ^COM ) - R{r)MEREF7^77"T\ ' ROTli V^)' 



^G(f,T) ''^'^A 



COM 



The left part of Equation (5) is the complex error amplification at reception for 
T/R module No. i 27-i ^^^^E(f .T.'^^^^Acom), corresponding to the frequency f and the 
commanded complex amplification at reception '^^^^Acom for T/R module No. i 27-i. 
The right part of Equation (5) comprises only known parameters, and therefore the 
complex error amplification at reception ^^^^E(f,T,'^^'^AcoM) for T/R module No. 
i 27-i may be calculated using Equation (5). 



Error equations corresponding to the one in Equation (5) are of course valid for the 
other T/R modules 27-q (1< q < N; q i). 
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When the complex error amplification at reception '^^'^ECf ,T,'^^^^Acom) for T/R 
module No. i 27-i has been calculated for a certain value of the commanded 
complex amplification at reception ^^'^Acom» the control signals c3-i and c4-i, 
controlling the controllable attenuator 81-i and the controllable phase shifter 85-i, 
5 can be reset in dependence of the calculated complex error amplification at 

reception '^^*^E(f,T,^^^^AcoM) for T/R module No. i 27-i. These control signals c3-i 
and c4-i are then reset in such a way that the amphfication of the T/R module 27-i 
is changed by a factor corresponding to one divided by the absolute value of the 
complex error amplification at reception | ^^'^E(f,T,^^'^AcoM) I and so that the phase 
10 shift of the T/R module 27-1 is reduced corresponding to an argument to the 
complex error amplification at reception arg{^^'^E(f,T,'^^^^AcoM)}- 

In the description the concept "calculate" has been used, e.g. in the context of 
"the calculated complex error amplification". This calculation takes place in a 
15 computer in the control unit 41 . The computer in this case generates real physical 
signals representing numerical parameters. It is of course on the basis of this real 
physical signals that, for example, the readjustment of the control signals 
c3-(l-N) and c4-(l-N) is made in the antenna system 23. 



20 Figure 6 shows a flowchart describing an example of how calibration at reception of 
the antenna system 23 in Figure 3 is carried out according to the invention. Figure 6 
is meant to exemplify such an application of the antenna system 23 in Figure 3 in 
which the values of the conmianded complex amplifications at reception ^^^^Acom 
(1< 1 < N) and the carrier frequencies used by the antenna system 23 vary consider- 

25 ably faster than the temperature T. The control units 91-(1-N) therefore comprise 
memory means holding calibration data associating settings of the control signals 
c3-(l-N) and c4-(l-N) for control of the controllable attenuators 81-(1-N) and the 
controllable phase shifters 85-(l-N) to combinations of values of the commanded 
complex amplifications at reception ^^^^Aqom (1^ 1 ^ N) occurring for the application 

30 concerned, and the carrier frequencies used by the antenna system 23. When the 
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temperature is changed, a readjustment of the control signals c3-(l-N) and c4-(l-N) 
controlling the controllable attenuators 81-(1-N) and the controllable phase shifters 
85-(l-N), takes place, whereby calibration data in the control units 91-(1-N) is 
modified. 

5 

In Figure 6 the calibration of the antenna system 23 is first carried out for a first 
carrier frequency f|. This is then repeated for a predetermined number of other 
carrier frequencies - fnmax- 

10 For each carrier frequency fi - fnmax the calibration in Figure 6 is first carried out 
for T/R module No. 1 27-1, and the process is then repeated for the other T/R 
modules 27-(2-N). This repetition is indicated in Figure 6 by a block 155. 

For an arbitrary module, for example, the T/R module No. i, the calibration process 
15 in Figure 6 for an arbitrary carrier frequency, for example, carrier frequency No. 
n, f„, imphes the following: 



T/R module No. i 27-i is commanded to its reference mode, as indicated in Figure 
6 by a block 157. The control unit 91-i of T/R module No. i 27-i at this point 

20 receives information about the carrier frequency fn from the control unit 41 and 

about the temperature T from the thermometer 141-i. Since the complex amplifica- 
tion at reception '^^'^^^A(f,T) for the reference mode at reception has been surveyed 
as a function of the frequency f and temperature T, the complex amplification at 
reception ^^'^^^^A(fJ) for the reference mode at reception is thereby, as mentioned 

25 above, a known parameter. 



The other T/R modules 27-q (1< 1 < N; q ?i i) are commanded, as indicated in Figure 
6 by a block 159, by the control unit 41 to their isolated modes, whereby the third 
switch 125-q of these T/R modules 27-q are set to its second position 131-q. 



30 
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The control unit 41 controls the signal generator 47 in such a way that the signal 
switch 53 is set to its first position 55 and so that the oscillator 49 generates a har- 
monically oscillating first test signal of the frequency fn. The first test signal will 
then be transmitted through the test antenna 45, as indicated in Figure 6 by a block 
5 16L The first test signal transmitted through the test antenna 45 is now received 

through the antenna unit 25, and the receiver 61 thus receives a first received signal 
through its second signal input 67, said signal corresponding to the reference mode 
at reception for T/R module No. i 27-i and the first test signal. The receiver 61 also 
receives the first test signal through its first signal input 63. A first complex amplifi- 

10 cation ratio at reception R(*)MEREFQ^f.^ .j.^ module No. i 27-i, corresponding to 

the reference mode at reception for T/R module No. i 27-i and the carrier frequency 
fn is measured by detection in the receiver 61 of the phase difference and the ampli- 
tude ratio between the first received signal and the first test signal. The 
measurement of the first complex amplification ratio at reception '^(')merefq^£^ 

15 T/R module No. i 27-i is indicated in Figure 6 by a block 163. 

The calibration in Figure 6 of T/R module No. i 27-i for the carrier frequency fn 
is first carried out for a first value of the commanded complex amplification at 
reception ^^'^AcoM(i.n) for T/R module No. i 27-i. The calibration process for T/R 
20 module No. i 27-i for the carrier frequency fn is then carried out for a predetermined 
number of additionally values on the commanded complex amplification at recep- 
tion ^^*^AcoM(2.n) - "^^'^AcoMCnmaxci),!!) for T/R module No. i 27-i. This repetition is 
indicated in Figure 6 by a block 165. 



25 For an arbitrary one of these values, for example, value No. m, of the commanded 
complex amplification at reception ^^*^AcoM(m.n) for T/R module No. i 27-i the 
calibration is carried out for T/R module No. i and carrier frequency fn according 
to the following. 
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T/R module No. i 27-i is commanded, as indicated in Figure 6 by a block 167, to 
reception with value No. m of the commanded complex amplification at reception 
^^*^AcoM(m.n) for T/R module No. i 27-i. The control unit 91-i in T/R module No. i 
27-i controls the first and the second controllable switch 99-i and 1 13-i so that they 
5 assume their second positions 107-i and 121-i and the third controllable switch 125-i 
so that it assumes its first position 129-i. The control unit 91-i in T/R module No. i 
27-i obtains information about the carrier frequency fn and value No. m of the com- 
manded complex amplification at reception ^^'^AcoM(m.n) for T/R module No. i 27-i 
from the control unit 41. The control unit 91-i adjusts, based on calibration data, the 
10 control signals c3-i and c4-i to the controllable attenuator 81-i and the controllable 
phase shifter 85-i of T/R module No. i 27-i. The other T/R modules 27-q (1 < q < N; 
q^ i) remain commanded to their isolated modes. 

The control unit 4 1 makes sure that the signal switch of the signal generator 47 is 
15 in its first position 55 and that the oscillator 49 generates a harmonically oscillating 
second test signal having the frequency fn. The second test signal is thus emitted 
through the test antenna 45, as indicated in Figure 6 by a block 169. The second test 
signal, emitted through the test antenna 45 is received through the antenna unit 25, 
and the receiver 61 thus receives, through its second signal input 67, a second re- 
20 ceived signal, corresponding to value No. m of the commanded complex amplifica- 
tion at reception ^^'^AcoM(m,n) for T/R module No. i 27-i and the second test signal 
The receiver 61 receives the second test signal through its first signal input 63. A 
second complex amplification ratio at reception ^^*^'^^G(fn,T,^^'^AcoM(m.n)) for T/R 
module No. i 27-i, corresponding to value No. m of the commanded complex ampli- 
25 fication at reception ^^*^AcoM(m,n) for T/R module No. i 27-i and the frequency f^, is 
measured in the receiver 61 by detection of the phase difference and amplitude ratio 
between the second received signal and the second test signal. The measurement of 
the second complex amplification ratio at reception '^^'^^^G(fn,T,'^^*^AcoM(m,n)) for 
T/R module No. i 27-i is indicated in Figure 6 by a block 171. 

30 
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The calibration of T/R module No. i 27-i for value No. m of the commanded 
complex amplification at reception ^^'^AcoMCm,n) and the frequency continues, as 
indicated in Figure 6 by a block 173, by the calculation of the complex error ampli- 
fication at reception ^^'^E(fn,T,'^^*^AcoM(m,n)) for T/R module No. i 27-i, corresponding 
5 to the carrier frequency fn and value No. m of the commanded complex amplifica- 
tion at reception '^^'^AcoM(m,n) for T/R module No. i 27-i, in dependence of the first 
complex amplification ratio at reception ^^(OMerefq^^^ module No. i 27-i 

and the second complex amplification ratio at reception ^^'^'^^G(fn,T,'^^'^AcoM(m,ti)) for 
T/R module No. i 27-i. When calculating the complex error amplification at recep- 
10 tion ^*'^E(f„,T,^^*^AcoM(in.n)) for T/R module No. i 27-i , Equation (5) is used. 

In dependence of the calculated complex error amplification at reception 
'^^'^E(fn,T,^^'^AcoM(m,n)) for T/R module No. i 27-i, a readjustment of the control 
signals c3-i and c4-i controlling the controllable attenuator 81-i and the controllable 

15 phase shifter 85-i is made in T/R module No. i 27-i as indicated in Figure 6 by a 
block 175. The control signals c3-i and c4-i are, as mentioned above, to be re- 
adjusted in such a way that the amplification in T/R module No. i is changed by a 
factor corresponding to one divided by the absolute value of the calculated complex 
error amplification at reception for T/R module No. i I ^^'^E(fn,T,^^'^AcoM(in.n))l and 

20 in such a way that the phase shift is reduced corresponding to an argument to the 
calculated complex error amplification at reception for T/R module No. i 27-i 
arg{^^^^E(fn,T,'^^'^AcoM(m.n))}. The control unit 91-i in T/R module i 27-i at this stage 
obtains information about the calculated complex error amplification at reception 
'^^*^E(fn,T,'^^'^AcoM(in,n)) for T/R module No. i 27-i from the control unit 41. The 

25 control unit 91-i is arranged to calculate, on the basis of the current setting of the 
control signals c3-i and c4-i, and in dependence of the complex error amplification 
at reception ^^^^E(fn,T,^^'^AcoM(m,n)) for T/R module No. i 27-i, how the control 
signals c3-i and c4-i are to be readjusted to achieve the desired result, and 
calibration data in the control unit 91-i in T/R module No. i 27-i is modified in 

30 accordance with this. 

>CX:iO:<WO 9852248A1 I > 
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In practice, a controllable oscillator, such as the controllable oscillator 49 in Figure 
3, does not generate a perfect harmonically oscillating signal. Instead it generates a 
narrowband signal having a bandwidth different from zero. The calibration process 
described above, as will be understood by the skilled person, also functions for such 
narrowband signals. 



The invention is, however, not limited to the use of narrowband test signals. If a 
more broadband test signal po(t) is transmitted through the test antenna 45 instead 
of the test signal bo in Figure 5, this broadband test signal po(t) can be used in the 
calibration. Instead of the signal bs in Figure 5, the receiver 61 then receives a 
received signal psCt). Let po(f ) and ^^(f) , respectively denote the Fourier 
transforms of po(t) and p3(t), respectively. The complex amplification ratio at 
reception ^^'^^^G(f,T,^^^^AcoM) for T/R module No. i can then, as will be understood 
by the person skilled in the art, be obtained as the ratio between the two Fourier 
transforms P^Cf) and ^3(0 , so that 

^^^>^^G(f,T,^^^^AcoM) = P3(f)/Po(f) (6). 



If the broadband test signal Po(0 comprises one or more of the carrier frequencies 
used by the antenna system 23, the complex amplification ratio at reception 
R(i)MEQ^j^^ R(i)^^^^^ for T/R module No. i can then be calculated for these carrier 
frequencies using Equation (6), to be used later in the calibration at reception of tiie 
antenna system 23. To be able to calibrate the antenna system 23 in Figure 2 using 
broadband test signals, of course the signal generator 49 and the receiver 61 must 
be modified so that broadband test signals can be generated and so that Fourier 
transforms can be carried out. In all other respects the calibration at reception can 
be carried out as described above. 
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Thus, a first way of calibration of the antenna system 23 at reception has been 
described. In the following calibration of the antenna system 23 at transmission, 
and another method for calibration at reception, will be described. 

5 Figure 5 also shows a signal model that may be used at calibration of the antenna 
system 23 in Figure 3 at transmission. Figure 5 describes the signal transport when 
a test signal ao, generated by the controllable oscillator 49, is transmitted through the 
antenna unit 25 to be received by the test antenna 45 of the receiver 61. One of the 
T/R modules, for example, T/R module No. i 27-i is active when transmitting. The 

10 other T/R modules 27-q (1< q < N; q 9^ i) are commanded to their isolated modes. 

In Figure 5, as before, a complex description is used, and it is understood, as before, 
that the real signals are obtained by taking the real part of the complex signals in 
Figure 5. The test signal ao from the controllable oscillator 49 in this case is a 
harmonic oscillating signal having a frequency f and can thus be written as 

15 ao = aexp(j27tft), a being a constant. 

The signal feeding the radiation element 29-i in T/R module i 27-i in Figure 5 is 
denoted ai and this signal generally has an amplitude and a phase different from the 
test signal ao- The signal aj is obtained by the complex amplification at transmission 
20 "^^'^ACf ,T,'^^*^Acom) in T/R module No. i 27-i operating on the signal ao. 



The complex amplification at transmission ^ A(f,T, Acom) for T/R module No. 
i 27-i in Figure 5 is divided into two parts: the commanded complex amplification 
at transmission ^^^^Acom for T/R module No. i 27-i, which is a known variable, and 

25 a complex error amplification at transmission ^^^^E(f,T,^^*'AcoM) for T/R module No. 
i 27-i. The complex error amphfication at transmission ^^*^E(f,T,^^'^AcoM) for T/R 
module No. i 27-i is an unknown variable, generally depending on the frequency f, 
the temperature T and the value of the commanded complex amplification at trans- 
mission ^^*^AcoM for T/R module No. i 27-i. Introducing the representation we thus 

30 have '^(^>A(f,T,'^^'^AcoM) = ^^^^T/^'^Acom) • ^^^^Acom- 
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In a corresponding way complex error amplifications at transmission 
^^^^^ECfj/^'^^AcoM) (1< q < N; q i) are defined for the other T/R modules 27-q 
corresponding to the complex error amplification at transmission ^^'^E(f,T/^'^AcoM) 
for T/R module No. i 27-i. 

The radiation element 29-i in T/R module No. i 27-i now emits electromagnetic 
waves generating a signal a2 in the radiation element 46 of the test antenna 45. The 
signal a2 generated in the radiation element 46 of the test antenna 45 in general has 
a different phase and amplitude from the signal aj driving the radiation element 29-i 
in T/R module No. i 27-i. The signal a2 may be obtained through a third complex 
amplification Hia(f) of the signal aj so that a2 = Hia(Oai. The third complex ampli- 
fication Hia(f) depends on the frequency f and the way in which the wave propaga- 
tion between the radiation element 29-i in T/R module No. i 27-i and the radiation 
element 46 of the test antenna 45 takes place. If the wave propagation between the 
radiation element 29-i of T/R module No. i 27-i and the radiation element 46 of 
the test antenna 45 implies reflections, it is difficult to calculate the third complex 
amplification Hia(f). Since it is to be possible to calibrate the antenna system 23 
in Figure 3 during operation, when reflections are quite likely to occur, the third 
complex amplification Hia(f) is here seen as an unknown variable. 

The signal now received by the receiver 61 through its first signal input 63 is 
denoted as a3 in Figure 5. The signal generally has a different amplitude and 
phase from the signal a2 generated in the radiation element 46 of the test antenna 45. 
The reasons for this are, among other things, signal influence from the receiver 
circuitry in the test antenna 45 and signal influence at the signal transfer from the 
test antenna 45 to the first signal input 63 of the receiver 61. The signal may be 
obtained through a fourth complex ampUfication ^'K(f,T) of the signal a2, so that 
33 = ^'K(f,T)a2. The fourth complex amplification ^'K(f,T) is here an unknown 
variable, which may depend on the frequency f and the temperature T. 
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A complex amplification ratio at transmission ^^'^^^G(f,T/^'^AcoM) for T/R module 
No. i 27-i, corresponding to the frequency f and the commanded complex amplifi- 
cation at transmission ^^'^Acom» is here defined as the ratio between the signal 
received through the first signal input 63 of the receiver 61 and the test signal ao, 
so that 

■^<')^^G(f,T7<'VoM)^a3/ao (7). 

An argument to the complex amplification ratio at transmission ^^'^'^^□(f,! J^^^Acom) 
for T/R module No. i 27-i corresponds to the phase difference between the signal as 
and the signal ao, and the value of the complex amplification ratio at transmission 
T(i)MEQ^f T(i)^^^^^ for T/R module No. i 27-i corresponds to the amplitude ratio 
between the signal and the signal ao- The complex amplification ratio at transmis- 
sion ^^'^^^G(f,T/^*^AcoM) for T/R module No. i 27-i is a known variable, since the 
phase difference and the amplitude ratio between the signals aa and ao may be 
detected by the receiver 61. 

Complex amplification ratios at transmission eq20 for the other T/R modules 27-q 
(1< 1 < N; q 9^ i) are defined in a corresponding way as for T/R module No. i 27-i. 

Considering Figure 5 it is seen that the complex amplification ratio at transmission 
T(i)MEQ^^ y T(i)^^^^^ for T/R module No. i 27-i is the added complex amplification 
of the complex amplification at transmission in T/R module No. i 27-i, the third 
complex amplification and the fourth complex amplification ^^*^A(f,T J^*^Acom)> 
Hia(f) and ^'K({J), We therefore have: 

^^^^^^G(f,T J^^>Acom) = Hia(f) • ^W,T) -^^^^ECfT J^'^Acom) • ^^^^Acom (8). 



According to the present invention two ways of calibrating the antenna system 23 at 
transmission will now be suggested. According to the first method the calibration at 
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transmission is carried out in a corresponding way as at reception. According to the 
second method the reference modes at reception are utihzed for calibration in trans- 
mission as well. 

5 In the following the first method of calibration at transmission is described. Since 
this first method of calibrating the antenna system 23 corresponds exactly to the way 
in which the antenna system 23 was calibrated at reception, which was described in 
detail above, this will be described relatively briefly. 

10 The T/R modules 27-(l-N) have at this stage been arranged with commandable 
reference modes at transmission. The control unit 41 commands one of the T/R 
modules, for example T/R module No. 1 27-1 (1< 1 < N), to the reference mode at 
transmission in a corresponding way to the commanding of T/R module No. 1 to the 
reference mode at reception, which was described above. The complex amplifica- 

15 tions of the T/R modules 27-(l-N)) at transmission have been surveyed as functions 
of the frequency and the temperature T. The complex amplification at transmission 
for the reference mode for transmission for T/R module No. 1 27-1 as a function 
of the frequency f and the temperature T will be denoted in the following as 



The following equation, corresponding to Equation (4) is vahd for transmission for 
the reference mode at transmission for T/R module No. i 27-i. 



T(i)REF 



*A(f ,T) and is a known parameter because of the survey. 



20 



T(i)MEREF. 



G(f,T) = '^^K(f,T).Hia(f)- 



T(i)REF 



"A(f,T) (9). 



25 



T*/ * \Xyf CD 

Here, G(f,T) denotes the complex amplification ratio at transmission for the 

reference mode at transmission for T/R module No. i 27-i. 



30 



Using the Equations (8) and (9) the following error equation is obtained, 
corresponding to the error equation for the reception case in Equation (5). 
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T(i)MEr;/r ry R(i) . V T(i)REF A /r rp^ 

T(i)E/f TT(i)A w ^iiiLi: iliilii (lo) 

The right part of Equation (10) only comprises known parameters. The complex 
error amplification at transmission ^^'^E(f,T/^'^AcoM) is calculated using Equation 
(10). 

Error equations corresponding to the one in Equation (10) are of course valid for the 
other T/R modules 27-q (1< q < N; q 9t i). 

When the complex error amplification at transmission ^^'^E(f,T7^'^AcoM) for T/R 
module No. i 27-i has been calculated for a certain value of the commanded com- 
plex amplification at transmission ^^'^Acom for T/R module No. i 27-i, the control 
signals c3-i and c4-i controlling the controllable attenuator 81-i and the controllable 
phase shifter 85-i can be readjusted in dependence of the calculated complex error 
amplification at transmission ^^'^E(f,T7^*^AcoM) for T/R module No. i 27-i. These 
control signals c3-i and c4-i are to be readjusted at this stage so that the amplifica- 
tion of T/R module No. i 27-i is changed by a factor corresponding to one divided 
by the value of the complex error amplification at transmission I ^^'^E(f,T/^*^AcoM)l 
for T/R module No. i 27-i and in such a way that the phase shift of the T/R module 
27-i is reduced corresponding to an argument of the complex error amplification at 
transmission arg{'^^^^E(f,T/^*^AcoM)} for T/R module No. i 27-i. 

The calibration of the antenna system 23 at transmission according to the first 
method, as stated above, corresponds to the calibration at reception as described 
above. The detailed description of the calibration at reception, illustrated in Figure 
6, can therefore also be said to illustrate the calibration at transmission according to 
the first method. This is of course only true if Figure 6 is modified in an appropriate 
way. For example, for calibration at transmission according to the first method of 
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calibration at transmission, the test signals are transmitted through the antenna unit 
25 and received through the test antenna 45, while the opposite was true for 
calibration at reception. 

The other method of calibrating the antenna system 23 at transmission will be 
described in the following. According to this other method the reference modes at 
reception are also used for calibration as transmission. 

One of the T/R modules, for example T/R module No. r 27-r is selected at this stage 
as a reference module 27-r. An equation corresponding to Equation (8) is valid for 
the reference module 27-r, so that 

^^^>^^^^G(f,T,^<^>AcoM) = H,3(f) • ^^K(f,T) • ^^^ta^^^^AcoM) • ^^^'Acom (H). 

A value of the commanded complex amplification at transmission ^^'^Acom(O) for the 
reference module is selected as a value for comparison at transmission ^^"^^Acomco)* 
From Equation (1 1) is obtained, for the value for comparison at transmission 

^^^^AcOM(O)- 

™^G(f,T7^'>AcoM(0)) = H„(0 • ^K(f,T) • ^^'>E(f,T7<'>AcoM(0)) • '^'^Acom(O) (12). 



Using Equations (11) and (12) gives 



T(r)p/r rp T(r) A >i T(r)ME p . r T(r) . v T(r) a 

^COMJ VJU>^. ^COm) ^COM(O) 

T(r)g,r -rTtr) A \ " T(r)MEp/r T '^^'^ A \ ' ^(0 a 



The left part of Equation (13) is a complex error ratio at transmission 

^^^>E(f,T/^-> AeoM) ^ 

T{r)p,x T(r) . 7 Tefcrencc module 27-r, corresponding to the frequency 

f, the commanded complex amplification at transmission ^^'^Acom for the reference 
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module 27-r and the value for comparison at transmission ^^"^^Acomco)- The right part 
of Equation (13) comprises only known parameters. The complex error ratio at 
^^'^E(f,T ^^'^ A ) 

transmission j^,) t'^cd a reference module 27-r can thus be 

E(f,T, A^Qj^^Qj) 

calculated on the basis of Equation (13). 

The antenna system 23 is, as will be understood by a person skilled in the art, 
calibrated at transmission if the complex error amplifications at transmission 
'^^*^E(f,T,'^^*^AcoM) (1^ 1 < N) are the same for all T/R modules 27-(l-N). Using the 
other method of calibration at transmission it is the intention that all T/R modules 
27-(l-N) are to have the same complex error amplification at transmission 
^^*^E(f,T7^^^AcoM) as the error amplification of the reference module 27-r at 
transmission ^^^'E(f,T/^^^AcoM(0))» corresponding to the value for comparison at 
transmission ^^^^Acouioy A necessary condition for this to be fulfilled is that the 

complex error ratio at transmission T(r)c^r ^tcd a reference module 

E(f,T, AcQj^^Qj) 

27-r, corresponding to the frequency f, the conunanded complex amplification at 
transmission ^^*^^Acom for the reference module 27-r and the value for comparison 
at transmission ^^^^Acom(0)> is equal to one. When the complex error ratio at 

transmission t(m^ ^ ' r^r^ — com__^ ^j^^ reference module 27-r has been 

calculated for a value of the commanded complex amplification at transmission 
^^^^AcoMfoi* the reference module 27-r, the control signals c3-r and c4-r controlling 
the controllable attenuator 81-r and the controllable phase shifter 85-r in the 
reference module 27-r may be readjusted in dependence of the calculated complex 

error ratio at transmission 7(0 Lin) a ^^e reference module 27-r. The 

E(f,T, A^oMco)) 

control signals c3-r and c4-r are to be readjusted at this stage so that the 
amplification of the reference module 27-r is changed by a factor corresponding to 
one divided by the absolute value of the complex error ratio at transmission 
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T(r) 



T(r)i 



E(f,T, 



T(r) 



'COM 



and so that the phase shift of the reference module 27-r is 



E(f,T, ^coM(0)> 

reduced corresponding to an argument to the complex error ratio at transmission 



T(r) 



E(f,T, 



T(r) 



^COM(O) 



) 



5 For the other T/R modules 27-q (1< q < N; q ;6 r) the control signals c3-q and c4-q 
to the controllable attenuators 81-q and the controllable phase shifters 85-q are to be 
adjusted so that the complex error amplifications ^^''^E(f,T/^'*^AcoM) at transmission 
for these T/R modules 27-q correspond to the complex error amplification at trans- 
mission ^^'^E(f,T/^^ ACOM(O)) for reference module 27-r, corresponding to the value 
10 for comparison at transmission ^^'^Acom(O). For this purpose an equation will now be 
deduced, from which this readjustment can be carried out for T/R module No. i 27-i. 



Using Equations (8) and (12) we first obtain: 



1C 1:^.11 ^COM>> AcOmJ "nil^J -^COM(O) 

CU,!* ^COM(O)/ VJU,i, ACOM(O)^ ^iaVl) ^COM 



The right part of Equation (14) comprises three ratios. The first and the third ratio 
comprise only known variables. The second ratio, that is is unknown and 

Hia(f) 

must therefore be expressed in terms of known parameters to enable the use of 
20 Equation (14). It is therefore observed that an equation corresponding to Equation 
(4) is also valid for the reference module 27-r, so that 

R(r)MEREFQ^f = ^^G(f,T) • H„(f) ' ''^^^^^A(f,T) (15). 



25 



Using Equations (4) and (15) we obtain: 



10 
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H3,(f) R^rJMEREFQ^f^^j «<'>'^^'=A(fJ) 



H,,(f) •^''>M^«E'=G(f,T) "^^'^'^"^ACfJ) 



(16). 



A reciprocity well known to those skilled in the art between transmission and 
reception between antennas makes Hai(f) = Hia(f). In a corresponding way, of course 
Har(f) = Hra(f). The left part of Equation (16) is therefore equal to the unknown 

H (f ) 

second ratio — — of the right part of Equation (14). The right part of Equation (16) 

Hi3(f) 

H (f ) 

comprises only known parameters and can therefore replace the second ratio — — 
in Equation (14), so that: 



COM(O) 



^<'>E(f,T/*'UcoM(o,) '*''^'G(f,T/<^>AcoM,o)) ''*'*"'^G(f,T) ' '^^^'^ACf.T) ' ™Acom 
The left part of Equation (17) is a complex error ratio at transmission 

f T(i)^ ) 

T(r)p.r TT(r) A modulc No. i 27-i, corresponding to the frequency f, 

the commanded complex amplification at transmission ^^*^Acom for T/R module No. 
15 i 27-i and the reference value at transmission ^^^^Acom(O)- The right part of Equation 
(17) only comprises known parameters and the complex error ratio at transmission 
^^'*E(f,T/*'^A ) 

T(r)p.r xT(r) A modulc No. 1 27-1 can therefore be calculated from 

b(l,T, AcoM(o)) 

Equation (17). The readjustment of the control signals c3-i and c4-i is carried out in 
such a way that the amplification in T/R module No. i 27-i is changed by a factor 
20 corresponding to one divided by the value of the complex error ratio at transmission 



"^^>E(f,T7<U,,,) 



and in such a way that the phase shift is reduced 



corresponding to an argument to the complex error ratio at transmission 



argi 



J^^^>E(f,T/<^>AeoM) I 
^ ^E(f,T, * ^AcoM(O)) I 
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Considering Equation (17) it is seen that the calibration of the antenna system 23 
during transmission according to the second method imphes both the transmission 
and the reception of test signals through the antenna unit 25. The second method of 
calibration at transmission has the advantage that the reference modes at reception 
can be used also for the calibration at transmission, which reduces the amount of 
data that has to be stored in the antenna system 23 to enable calibration. 

Equations corresponding to Equation (17) are of course valid for the other T/R 
modules 27-q (1 < q < N; q 9fc i, r). 

Figures 7, 8 and 9 show flow charts describing an example of how the calibration of 
the antenna system 23 at calibration is carried out according to the second method. 
The Figures 7, 8 and 9 are intended to illustrate an application of the antenna system 
23 in which the values of the commanded complex amplifications at transmission 
^^*^AcoM (1 < 1 < N) for the T/R modules 27-1 and the carrier frequencies at which 
the antenna system 23 operate vary considerably faster than the temperature T. The 
control units 91-(1-N) therefore comprise calibration data associating adjustments 
of control signals c3-(l-N) and c4-(l-N) for controlling the controllable attenuators 
81-(1-N) and the controllable phase shifters 85-(l-N) to combinations of values for 
the commanded complex attenuations at transmission ^^*^Acom that occur for the 
application concemed and the carrier frequencies used by the system. When the 
temperature is changed a readjustment of the control signals c3-(l-N) controlling 
the controllable attenuators 81-(1-N) and the controllable phase shifters 85-(l-N) 
occurs, whereby calibration data in the control units 91-(1-N) is modified. 

The cahbration of the antenna system 23 at transmission is started in Figure 7 with 
cahbration of the reference module 27-r at transmission, where in this case T/R 
module No. one 27-1 has been selected as a reference module 27-r. The calibration 
of the reference module 27-1 at transmission in Figure 7 is first carried out for a first 
carrier frequency f , and the calibration process is then repeated for a predetermined 
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number of other carrier frequencies f2-fnmax- This repetition is indicated in Figure 7 
by a block 183. 

The cahbration of the reference module 27-1 at transmission in Figure 7 is carried 
5 out for an arbitrary carrier frequency, for example, carrier frequency No. n, fn, 
according to the following. 

The reference module 27-1 is commanded to transmit with the value for comparison 
at transmission ^*^^Acom(0) as indicated in Figure 7 by a block 185. The other T/R 

10 modules 27-(2-N) are commanded to their isolated modes as indicated in Figure 7 
by a block 187. The control unit 41 controls the signal generator 47 in such a way 
that the signal switch 53 is set to its second position 57 and the oscillator 49 in such 
a way that it generates a first harmonic oscillating test signal of the frequency f„. 
The first test signal is therefore transmitted through the antenna unit 25, as indicated 

15 in Figure 7 by a block 189. The first test signal, transmitted through the antenna unit 
25 is received through the test antenna 45, in that the receiver 61 receives a first 
received signal through its first signal input, said signal corresponding to the value 
for comparison at transmission ^^^^Acomco) and the first test signal. The receiver 61 
also receives the first test signal through its second signal input 67. A first 

20 complex amplification ratio at transmission for the reference module 27-1 

^^'^'^^G(fn,T,^^'^AcoM(0)) corresponding to the value for comparison at transmission 
^^^^AcoM(O) and the carrier frequency fn, is measured by detection in the receiver 61, 
as indicated in Figure 7 by a block 191. 



25 The calibration of the reference module 27-1 for the carrier fn is first carried out for 
a first value of the conunanded complex amplification at transmission ^^*^AcoM(i,n) 
for the reference module 27-1 and is then repeated for a predetermined number 
of additional values of the commanded complex amplification at transmission 
^^^^AcoM(2,n)- ^^^^AcoM(mmax(i).n) ^ot the reference module 27-1. This repetition is 

30 indicated in Figure 7 by a block 193. 
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For an arbitrary one of these values, for example value No. m, of the commanded 
complex amplification at transmission ^^^^AcoM(m,n) for the reference module 27-1, 
this calibration of the reference module 27-1 at transmission is carried out for the 
carrier frequency fn according to the following. 

5 

The reference module 27-1 is commanded to transmit with value No. m of the 
commanded complex amplification at transmission ^^^^AcoM(m,n) for the reference 
module 27-1 as indicated in Figure 7 by a block 195. The control unit 91-1 in the 
reference module 27-1 here adjusts the control signals c3-l and c4-l in dependence 

10 of calibration data. The other T/R modules 27-(2-N) remain commanded to their 

isolated modes. The control unit 41 controls the signal generator 47 so that a second 
harmonic oscillating test signal of a frequency fn is transmitted through the antenna 
unit 25 as indicated in Figure 7 by a block 197. The second test signal transmitted 
through the antenna unit 25 is received by the test antenna 45. The receiver 61 hence 

15 receives a second received signal through its first signal input 63, said second 
received signal corresponding to value No. m of the commanded complex 
amplification at transmission ^^^^AcoM(m,n) for the reference module 27-i and the 
second test signal. The receiver 61 also receives the second test signal through 
its second signal input 67. A second complex amplification ratio at transmission 

20 G(fn,T, AcoM(m,n)) for the reference module 27-i, corresponding to value 

No. m of the commanded complex amplification at transmission ^^^^AcoM(m,n) for 
the reference module 27-i and the carrier frequency fn is measured by detection 
in the receiver 61 as indicated in Figure 7 by a block 199. 



'r(^)E(f T^^^^A ) 

25 The complex error ratio at transmission to)^ ' kd /'''''^"'"^ for the reference 



module 27-i, corresponding to the value for comparison at transmission ^^^^Acom(O), 
value No. m of the commanded complex amplification at transmission ^^^^AcoM(m.n) 
for the reference module 27-1 and the carrier frequency fn is calculated in 
dependence of the first complex amplification ratio at transmission 
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^^'^^^G(f,Tj^^^AcoM(0)) for the reference module 27-1 and the second complex 
amplification ratio at transmission ^^^^^^G(f,Tj^*^AcoM(m,n)) at transmission for 
the reference module 27-1 . This calculation is made using Equation (13). 
The calculation of the calculated complex error ratio at transmission 

'^^'^E(f„,T/^^*AcoM ) 

T<i)p.r tto) A — ^^'^ reference module 27-1 is indicated in Figure 7 by 

E(i„,T, AcoM(O)) 

a block 201. In dependence of the calculated complex error ratio at transmission 

'^^'^E(f„,T/^^^AcoM „,n ) 

T(i)p J.T(t) A reference module 27-1, according to what was 

E{fn»T, AcoM(O)) 

described above, a readjustment of the control signals c3-l and c4-l controlling the 
controllable attenuator 81-1 and the controllable phase shifter 85-1 is made in the 
reference module 27-1, and calibration data in the control unit 91-1 of the reference 
module 27-1 is modified in accordance with this. This readjustment of the control 
signals c3-l and c4-l is indicated in Figure 7 by a block 203. 

Figures 8 and 9 show a flow chart describing an example of how the other T/R 
modules 27-(2-N), that is, other than the reference module 27-1, are calibrated at 
transmission according to the second way of calibrating at transmission according to 
the invention. The calibration of the other T/R modules 27-(2-N) at transmission is 
first carried out for a first carrier frequency f i and then repeated for a predetermined 
number of further frequencies f2-fnmax» as indicated in Figure 8 by a block 213. 

For an arbitrary carrier frequency, for example carrier frequency No. n fn, the 
calibration at transmission shown in Figures 8 and 9 is carried out according to 
the following. 



The reference module 27-1 is commanded to its reference mode at reception, 
as indicated in Figure 8 by a block 215. The other T/R modules 27-(2-N) are 
commanded to their isolated modes as indicated in Figure 8 by a block 217. The 
control unit 41 controls the signal generator 47 in such a way that a harmonically 



wo 98/52248 PCT/SE98/0091 1 

44 

oscillating first test signal of a frequency fn is transmitted through the test antenna 
45. The first test signal transmitted through the test antenna 45 is received through 
the antenna unit 25, whereby the receiver 61 receives a first received signal through 
its second signal input 67, said first received signal corresponding to the reference 
mode of the reference module 27-1 at reception and the first test signal. The receiver 
61 also receives the first test signal through its first signal input 63. A first complex 
amplification ratio at reception R(*)merefq^j^ ^j^^ reference module 27-1, 
corresponding to the reference mode at reception for the reference module 27-1 and 
the carrier frequency fn is measured by detection in the receiver 61 as indicated in 
Figure 8 by a block 221. 



The calibration at transmission in Figure 8 continues with the reference module 
27-1 commanded to its transmit mode with the value for comparison at transmission 
^^'^AcoM(O), as indicated by a block 223. The other T/R modules 27-(2-N) at this 
stage remain in their isolated modes. The control unit 41 controls the signal 
generator 47 in such a way that a harmonic oscillating second test signal having 
a frequency fn is transmitted through the antenna unit 25 as indicated in Figure 8 
by a block 225. The second test signal transmitted through the antenna unit 25 is 
received through the test antenna 45, whereby the receiver 61 receives a second 
received signal through its first signal input 63, said second received signal corres- 
ponding to the reference module 27-1, the value for comparison at transmission 

T( 1 ) 

AcoM(O) and the first test signal. A first complex amplification ratio at transmis- 
sion ■^^'>'^^G(f„,Tj<'>A coM(O) for the reference module 27-1, corresponding to the 
value for comparison at transmission ^^^^Acom(O) and the carrier frequency fn is 
measured by detection in the receiver 61 as indicated in Figure 8 by a block 227. 

The calibration at transmission for the carrier frequency fn in Figures 8 and 9 is first 
carried out for T/R module No. 2 27-2 and is then repeated until the calibration at 
transmission has been carried out for the rest of the T/R modules 27-(3-N). This 
repetition is indicated in Figure 8 by a block 229. 
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The calibration at transmission in Figures 8 and 9 for an arbitrary T/R module, for 
example T/R module No. i 27-i (2 < i < N), is made according to the following. 

T/R module 27-i is commanded to its reference mode at reception, as indicated 
in figure 8 by a block 231. The other T/R modules 27-q (1 < q < N; q ;6 i) are 
commanded to their isolated modes as indicated in Figure 8 by a block 233. The 
flow chart of Figure 8 now continues in Figure 9, as indicated by a reference block 
235. The control unit 41 controls the signal generator 47 in such a way that a 
harmonically oscillating third test signal of a frequency fn is transmitted through 
the test antenna 45 as indicated in Figure 9 by a block 237. The third test signal 
transmitted through the test antenna 45 is received through the antenna unit 25, 
whereby the receiver 61 receives a third received signal through its second signal 
input 67, said third received signal corresponding to the reference mode of the T/R 
mollule No. i 27-i at reception and the third test signal. The receiver 61 also receives 
the third test signal through its first signal input 63. A first complex amplification 
ratio at reception 

R(i)MEREFQ^^^ .j,^ for T/R module No. i 27-i, corresponding to the 
reference mode at reception for T/R module No. i 27-i and the carrier frequency fn 
is measured by detection in the receiver 61 as indicated in Figure 9 by a block 239. 

In Figure 9 T/R module No. i 27-i is calibrated at transmission for the carrier 
frequency fn, first for a first value of the commanded complex amplification at 
transmission ^^'^AcoMd.n) for T/R module No. 27-i and this is then repeated for a 
predetermined number of further values of the commanded complex amplification 
at transmission ^^'^AcoM(2,n) - ^^*^AcoM(inmax(i).n) for T/R module No. i 27-i. This 
repetition is indicated in Figure 9 by a block 241. 

For an arbitrary one of these values, for example value No. m, of the commanded 
complex amplification at transmission ^^*^AcoM(m.n) for the reference module 27-i, 
this calibration of T/R module 27-i at transmission is carried out for the carrier 
frequency fn according to the following. 
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T/R module No. i 27-i is commanded to transmit with value No. m of the command- 
ed complex amplification at transmission ^^'^AcoM(m,n) for T/R module No. 27-i as 
indicated in Figure 9 by a block 243. The other T/R modules 27-q (1 < q < N; q 56 i) 
remain in their isolated modes. The control unit 41 controls the signal generator 47 
in such a way that a fourth harmonic oscillating test signal of the frequency fn is 
transmitted through the antenna unit 25, as indicated in Figure 9 by a block 245. 
The fourth test signal, transmitted through the antenna unit 25 is received through 
the test antenna 45, in that the receiver 61 receives a fourth received signal through 
its first signal input 63, said signal corresponding to a value m of the commanded 
complex amplification at transmission ^^'^AcoM(m,n) for T/R module No. i 27-i 
and the fourth test signal. The receiver 61 also receives the fourth test signal through 
its second signal input 67. A first complex amplification ratio at transmission 
^•^^^""-G(f„,T,^^^^A 

coM(m.n)) for the T/R module No. i 27-i, corresponding to value 
No. m of the commanded complex amplification at transmission ^^'^AcoM(m,n) for 
T/R module No. i 27-i and the carrier frequency f^, is measured by detection in the 
receiver 61 as indicated in Figure 9 by a block 247. 

In Figure 9 a calculation is carried out of the complex error ratio at transmission 

T(r)p,r ttcoa T ^^'^ module No. 1 27-i, correspondmg to value No. m of 

the commanded complex amplification at transmission ^^'^AcoM(m.n) for T/R module 
No. i, the value for comparison at transmission ^^^^Acom(O) and the carrier frequency 
fn, as indicated by a block 249. When calculating the complex error ratio at 

transmission kd^ t ^(^> a''''''""'"^ "^^^^1^ No. i 27-i, Equation (17) is 

used. This calculation is therefore carried out in dependence of: the first complex 
amplification ratio at reception ^^^merefq^^^ reference module 27-i, the 

first complex amplification ratio at transmission ^^*^^'G(f,T,'^^*^AcoM(0) for the 
reference module 27- 1 , the first complex amplification ratio at reception 

G(f„,T) for T/R module No. i and the first complex amplification ratio at 



wo 98/52248 , ^ PCT/SE98/0091 1 

47 

transmission ^^'^^^G(f,T7^'^AcoM(ni.n)) for T/R module No. i. The complex 
amplifications at reception '^^'^^^ACfn,!) and ^^'^^''ACfnjT) for the reference modes 
for the reference module 27-1 and T/R module No. i 27-i are, as described above, 
known parameters in this context. In dependence of the calculated complex error 
ratio at transmission for T/R module No. i 27-i, a readjustment of the control signals 
c3-i and c4-i controlhng the controllable attenuator 81-i and the controllable phase 
shifter 85-i is carried out, as indicated in Figure 9 by a block 25 L This readjustment 
of the control signals c3-i and c4-i is made in accordance with what has been 
described above, whereby calibration data in the control unit 91-i is modified. 

If the T/R modules 27(1 -N) have been arranged with their reference modes at 
transmission, of course the antenna system 23 may be calibrated at reception in 
another way, this other way of calibrating at reception corresponding to the other 
way of calibrating at transmission. Thus, one of the T/R modules, for example 
T/R module No. r 27-r, may be selected as a reference module and a value of the 
commanded complex amplification at reception for the reference module 27-r may 
be selected as a value for comparison at reception '^^^^Acom(O)- An equation corres- 
ponding to Equation (13) can be deduced, so that 



R{r) n/f R<r) A \ R(r)ME^//' nn R(r) A x ^^^^ \ 

h(t,l, Acom) (j(t,l, Acqm) ^cqm(O) 

R(r)p/f rj, R(r) * \ ~ R<r)ME I-., f nn R(r) A v* R{r) * 

CVl^l, ^COM(O)-' ''^COM(0)>' -^COM 



The left part of Equation (18) is a complex error ratio at reception for the reference 
module 27-r, corresponding to the frequency f , the commanded complex amplifica- 
tion at reception ^^^^Acom for the reference module 27-r and the value for compari- 
son at reception '^^^ acom(O)- The right part of Equation (18) comprises only known 

parameters, so that the complex error ratio at reception r^,^ ' ^^^^ — cgM_ 

E(f,T, AcoM(O)) 

the reference module 27-r may be calculated using Equation (18). 
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The antenna system 23 is, as will be understood by a person skilled in the art, 
calibrated at reception if the complex error amplifications '^^^^E(f,T,^^'^AcoM) 
(1 < 1 < N) at reception are the same for all T/R modules 27-(l-N). Using the second 
method of calibration at reception it is therefore, in a corresponding way to the 
second method of calibration at transmission, the intention that the complex error 
amplifications at reception ^^^^E(f,T,'^^*^AcoM) for the T/R modules 27-(l-N) are 
to correspond to the complex error amplification of the reference module 27-'r 
at reception '^^'^E(f,T,^^''^AcoM(0)), corresponding to the value for comparison at 
reception '^^'^Acom(O). A necessary condition for this to be fulfilled is that the 

R<'>E(f T ^^'^A ) 

complex error ratio at transmission r^o^.. . '''''' for the reference module 

27-r, corresponding to the frequency f, the commanded complex amplification 
at reception "^'^^Acom for the reference module and the value for comparison at 
reception ^^^^Acom(O) is equal to one. When the complex error ratio at reception 
^^'^E(f,T,*^*'^ A ) 

RfDpj.f Irco . V for the reference module 27-r has been calculated for a value 

of the commanded complex amplification at reception ^^^^Aqom for the reference 
module 27-r, the control signals c3-r and c4-r controlling the controllable attenuator 
81-r and the controllable phase shifter 85-r in the reference module 27-r may be 
readjusted in dependence of the calculated complex error ratio at reception 

^<'>E(f,T,^<^>AeoM) 



prf T R<^> A ^^^\ for the reference module 27-r. In a corresponding way as 



with the second method of calibrating at transmission, the control signals c3-r and 
c4-r are to be readjusted so that the amplification of the reference module 27-r is 
changed by a factor corresponding to one divided by the value of the complex error 



ratio at reception 



^^->E(f,T,^<->AeoM) 



and so that the phase shift of the reference 



module 27-r is reduced corresponding to an argument to the complex error ratio at 
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For the other T/R modules 27-q (1< q < N; q r) the control signals c3-q and c4-'q 
to the controllable attenuators 81-q and the controllable phase shifters 85-q are to be 
adjusted so that the complex error amplifications ^^^^E(f,T,^^^^AcoM) at reception for 
these T/R modules 27-q correspond to the complex error amplification at reception 
'^^'^E(f,T,'^^'^AcoM(0)) for the reference module 27-r, corresponding to the value for 
comparison at reception ^^^^^Acomco)- ^or this purpose, in a corresponding way to the 
one used for the second method of calibrating at transmission, an equation will now 
be deduced, from which this readjustment can be carried out for T/R module No. i 
27-i. 



An equation corresponding to Equation (14) for the second method for cahbration 
at transmission may be deduced in a simple way, so that: 



'^<^>E(f,T,'^^^>AcoM) '^<OMEg(f^T,'^<^>AcoM) H^^Cf) "^^^Acqmcq) 



'*<^^T3/'f T ^^^^ A \ R(r)ME|^/jr rp R(r) a \ U /f \ RO) a 

^COM(O)/ ^COM(O)/ rigiV.*; ^COM 



(19). 



H (f ) 

The right part of Equation (19) comprises three ratios. The second ratio — — in 

the right part of Equation (19) is unknown, while the two other ratios in the right 
part of Equation (19) consist of known parameters. The second ratio in the right part 
of Equation (19) must be expressed in terms of known parameters. An equation, 
corresponding to Equation (16) for the second way of calibrating at transmission, 
is therefore deduced, so that: 



H,(f) T(r)MEREFg^f ^<'>'^^^A(f ,T) ^^^^ 



Hj,(f) ^<*>MBREFG(f^T) ^^^>'^^^A(f,T) 



The reciprocity mentioned above causes Hai(f) = Hia and Har(f) = Hra(f)- The 

H (f ) 

unknown second ratio — — in the right part of Equation (19) is thus equal to the 
left part of Equation (20). The right part of Equation (20) only comprises known 
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parameters and may therefore replace the unknown second ratio in 
Equation (19), SO that 

■^">E(f,T/'"A,o^) _ ''">>^G(f.T.'*">AcoM) "">*^'^G(f,T) ^""^A(f.T) '^'^'AepM.o) 
«"'E(f.T.«<"AcoM,o,) ""'"'G(f,T/'"AcoM,o,) "'""'*''^G(f.T)'^''"^A(f.T)' ™ A^^ 

5 

Equation (21) corresponds to Equation (17) which was used for the other way of 
calibrating at transmission. The left part of Equation (21) is a complex error ratio at 

reception r,„ ' r,,. ^""^ for T/R module No. i 27-i, corresponding to the 

frequency f, the commanded complex amplification at reception "^^'^Acom for T/R 
10 module No, i 27-i and the value for comparison at reception "^^'^Acomco)- The right 
part of Equation (21) contains only known parameters, and the complex error ratio 

at reception r^,) r,,, — ^ for T/R module No. i 27-i can therefore be 

calculated using Equation (21). The readjustment of the control signals c3-i and c4-i 
controlling the controllable attenuator 81-i and the controllable phase shifter 85-i in 
15 T/R module No. i 27-i is made in such a way that the amplification for T/R module 
No. i 27-i is changed by a factor corresponding to the absolute value of the complex 



error ratio at reception 



for T/R module No. i 27-i and in 



such a way that the phase shift for T/R module No. i 27-i is reduced corresponding 
to an argument to the complex error ratio at reception 

E(f.T.'^">AeoM) 
E(f,T, AcoM(o)) 




20 arg ' \ for T/R module No. i 27-i. 



Considering Equation (21) it is seen that the calibration of the antenna system 23 
during reception according to the second method implies both the transmission and 
the reception of test signals through the antenna unit 25. 



25 
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Equations corresponding to Equation (21) are, of course valid for the other T/R 
modules 27-q (1 < q < N; q ?t i,r). 

Figures 7, 8 and 9 illustrate, by means of flow charts, a detailed example of how the 
calibration of the antenna system 23 at transmission was carried out according to the 
second method of calibration at transmission. Figures 7, 8 and 9 can also be said to 
illustrate the calibration of the antenna system 23 at reception according to the 
second method of calibrating at reception. This is of course only true if Figures 7, 8 
and 9 are modified in the appropriate way; in calibration at reception according to 
the second method test signals are transmitted through the antenna unit 25 and 
received through the test antenna when, in Figures 7, 8 and 9, test signals are trans- 
mitted through the test antenna and received through the antenna unit, and vice 
versa. 



As stated above, the complex amplifications at reception and transmission 
R(i)REF^^j and '^^'^^^A(f,T) (1 < 1 < N) vary for the reference modes at reception 
and transmission for the T/R modules 27~(1-N) with the frequency f and the tem- 
perature T. In practice, however, there is also a direct time dependence of the 
complex amplifications at reception and transmission ^^*^^^A(f,T) and ^^^^^''AC^T) 
(1 < 1 < N) for the reference modes at reception and transmission for the T/R 
modules 27-(l-N). This direct time dependence is caused by component drifting, 
caused by ageing, in the electronic circuitry, for example, in the amplifiers 
103-(1-N) and 109-(1-N) and the controllable switches 99-(l-N), 113-(1-N) and 
125-(1-N). Because of the direct time dependence the surveys of the complex amp- 
lifications at reception and transmission '^^'^^A(f,T) and ™^^A(f,T) (1 < 1 < N) for 
the reference modes for the T/R modules 27-(l-N) must be made again at certain 
time intervals for the calibration methods described above to function satisfactorily. 
Figure 10 therefore shows how the construction of T/R module No. i 27-i described 
above should be modified to reduce or eliminate the need for making new surveys. 
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The construction of T/R module No. i 27-i in Figure 10 is largely the same as the 
construction of T/R module No. i 27-i in Figure 4. The same reference numerals 
are therefore used in both Figures of the elements that are basically the same. 

5 In Figure 10, units corresponding to a number of the elements in Figure 4 have been 
indicated collectively by a block 301-i. The block 301-i thus symbolizes the units 
corresponding to the controllable attenuator 81-i, the controllable phase shifter 85-i, 
the first controllable switch 99-i, the second controllable switch 1 13-i, the third 
controllable switch 125-i, the first amplifier 103-i and the second amplifier 109-i 
10 in Figure 4. 

T/R module No. i 27-i in Figure 10 comprises a fourth controllable switch 303-i 
having a signal connection 309-i. The signal connection 309-i of the fourth 
controllable switch 303-i is connected to an analogue signal connection 35-i in 

15 T/R module No. i 27-i in Figure 10. The fourth controllable switch 303-i can be 
set in a first position 305-i, whereby the signal connection 309-i of the fourth 
controllable switch 303-i is connected to a signal connection 83-i in a controllable 
attenuator, corresponding to the controllable attenuator 81-i in Figure 4. The fourth 
controllable switch 303-i can be set to a second position 307-i, in which the signal 

20 connection 309-i of the fourth controllable switch 303-i is connected to a first signal 
connection 321-i of a transmission connector 31 9-i. 

T/R module No. i 27-i in Figure 10 comprises a fifth controllable switch 311-i 
having a signal connection 317-i. The signal connection 317-i of the fifth control- 

25 lable switch 3 1 1-i is connected to a radiation element 29-i in T/R module No. i 27-i 
in Figure 10. The fifth controllable switch can be set to a first position, whereby the 
signal connection 317-i of the fifth controllable switch 31 1-i is connected to first 
position 129-i of a diird controllable switch, corresponding to the third controllable 
switch 125-i in Figure 4. The fifth controllable switch 311-i can be set to at second 

30 position 315-i, in which the signal connection 317-i of the fifth controllable switch 
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311-i is connected to a second signal connection 323-i of the transmission connector 
319-i. 

The fourth and the fifth controllable switch comprise control signal inputs 325-i 
5 and 327-i, connected to a corresponding third set of control signal outputs 328-i 
in a control unit 91-i in T/R module No. i 27-i in Figure 10. The control unit 91-i 
in Figure 10 also comprises a first and a second set of control signal outputs, 
corresponding to the first and the second set of control signal outputs 93-i and 139-i 
in Figure 4. The first and the second set of control signal outputs are, however, not 
10 shown in Figure 10 for clarity reasons. The control unit 91-i in Figure 10 controls 

the fourth controllable switch 303-i and the fifth controllable switch 311-i by means 
of control signals c7-i and c8-i. The control unit 91-i in Figure 10 can therefore 
control whether or not the fourth and the fifth controllable switch 303-i and 311-i 
are to be set in their first positions 305-i and 313-i or in their second positions 307-i 
15 and 315-i. 

When the fourth and the fifth controllable switch 303-i and 31 1-i are set to their first 
positions 305-i and 313-i the construction of T/R module No. i 27-i in Figure 10 
functions in a corresponding way to the construction of T/R module No. i 27-i in 
20 Figure 4. When the fourth an fifth controllable switch 303-i and 31 1-i are set to their 
second positions 307-i and 315-i the electronic circuitry in the block 30 1-i are 
bypassed by the transmission conductor 319-i. 

The construction of T/R module No. i 27-i in Figure 10 is commanded to its 
25 reference mode at reception or transmission when the fourth and the fifth control- 
lable switch 303-i and 311-i are set to their second positions 307-i and 315-i. A 
complex amplification at reception or transrriission eq or eq for the reference mode 
at reception or transmission for T/R module No. i 27-i in Figure 10 is determined by 
complex amplifications in the fourth and the fifth controllable switch 303-i and 
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31 1-i and in the transmission conductor 319-i. The complex amplifications at 
reception or transmission ^^*^^^A(f ,T) or ^^*^^^^A(f ,T) for the reference modes at 
reception or transmission for the construction of T/R module No. i 27-i in Figure 10 
is not as temperature- and time-dependent as the construction of T/R module No. i 
5 27-i in Figure 4, since the circuitry in the block 30 1 -i does not affect the complex 
amplifications at reception or transmission ^^'^^^A(f,T) or ^^'^'^''A(f,T) for the 
reference modes at reception or transmission for T/R module No. i 27-i, when it is 
designed as shown in Figure 10. The complex amplification of the transmission 
conductor 319-i is relatively independent of the temperature and the time. The 
10 complex amplifications for the fourth and the fifth controllable switch 303-i and 
31 1-i are to some degree dependent on the temperature and the time. 

The complex amplification at reception '^^'^'^ACtT) for the reference mode at 
reception of T/R module No. i 27-i in Figure 10 has been surveyed as a function of 

15 the frequency f and the temperature T, and data from this survey is arranged in the 
control unit 9 1-i. Since the temperature dependence of the complex amplification at 
reception '^^'^^^^A(f,T) for the reference mode at reception for the construction of 
T/R module No. i 27-i in Figure 10 is not as pronounced as for the construction 
shown in Figure 4, a smaller amount of data needs to be stored in the control unit 

20 9 1-i than was the case for the construction shown in Figure 4. Since the time 

dependence of the complex amplification at reception '^^'^^''ACf.T) for the reference 
mode at reception for the construction of T/R module No. i 27-i in Figure 10 is not 
as pronounced as for the construction shown in figure 4, the survey of the complex 
amplification at reception "^^'^^^ACtT) for the reference mode at reception does not 

25 have to be carried out again as often. If the transmission conductor 319-i and the 
fourth and the fifth controllable switch 303-i and 31 1-i are sufficiently time stable, 
the survey may never have to be repeated. What is considered sufficiently time 
stable is of course determined by the demand for accuracy in the antenna system 23. 
What has been said here about the complex amplification at reception ^^'^^^A(f,T) 

30 for the reference mode at reception for T/R module No. i 27-i in Figure 10 is of 
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course, with appropriate modifications, also valid for the complex amplification at 
transmission ^^^^^^A(f,T) for the reference mode at transmission for T/R module 
No. i 27-i in Figure 10. 
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Claims 

1. A method for the calibration of an antenna system (23) during reception arranged 
to utilize at least one carrier frequency, said antenna system (23) comprising a 
5 test antenna (45), an electrically controlled antenna (25) having at least two 

modules (27-(l-N)) with controllable control means (81-(1-N), 85-(l-N)) for the 
control of a complex amplification at reception for the respective module (27-(l- 
N)) and means (91-(1-N)) for generating control signals to the control means (81- 
(1-N), 85-(l-N)), said control signals being associated with at least one value of a 
10 commanded complex amplification at reception for the respective module (27-(l- 

N)), and each of the modules (27-(l-N)) being arranged with a commandable 
isolated mode, characterized by the following steps: 

a) arranging, for each module (27-(l-N)), a commandable reference mode at 
reception, at which the complex amplification at the reception for the module 

15 (27-(l-N)) is known; and 

b) calibrating, at reception, substantially all the modules (27-(l-N)) for at least one 
of the carrier frequencies based on an investigation of the complex amplifications 
at reception for the modules (27-(l-N)) wherein the complex amplifications at 
reception for the modules (27-(l-N)) are investigated by transmitting test signals 

20 through the test antenna (45) and receiving them through the electrically 

controlled antenna (25), whereby the effect of an unknown signal influence on 
the test signals is eliminated by use of the reference modes at reception for the 
modules (27-(l-N)). 

25 2. A method according to claim 1, characterized in that the step b) in turn 
comprises the following substeps: 

c) selecting one of the carrier frequencies; 

d) selecting one of the modules (27-i); 

e) selecting a first test signal, comprising the selected carrier frequency; 
30 f) transmitting the selected first test signal through the test antenna (45); 
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g) receiving the selected first test signal transmitted through the test antenna (45), 
through the electrically controlled antenna (25) with the selected module (27-i) 
conunanded to its reference mode at reception and with the other modules 
commanded to their isolated modes, whereby a first received signal, 
corresponding to the reference mode at reception for the selected module (27-i) 
and the selected first test signal is obtained; 

h) comparing the first received signal and the selected first test signal; 

i) calibrating at reception of the selected module (27-i) for the selected carrier 
frequency and at least a value of the commanded complex amplification at 
reception for the selected module (27-i), using the comparison, according to the 
substep h), between the first received signal and the selected first test signal, to 
eliminate the influence of the unknown signal influence; and 

j) repeating the substeps d) through i) until substantially all the modules (27-(l-N)) 
have been selected. 

3. A method according to claim 2, characterized in that step b) in turn comprises 
the following substeps: 

k) repeating the substeps c) through j) until a predetermined number of the carrier 
frequencies has been selected. 

4. A method according to any one of the claims 2 or 3, characterized in that the 

substep i) in turn comprises the following substeps: 

1) selecting a value for the commanded complex amplification at reception for the 
selected module (27-i); 

m) selecting a second test signal comprising the selected carrier frequency; 

n) transmitting the selected second test signal through the test antenna (45); 

o) receiving the selected second test signal transmitted through the test antenna (45) 
through the electrically-controlled antenna (25), with the selected module (27-i) 
commanded to reception with the selected value of the commanded complex 
amplification at reception for the selected module (27-i) and with the other 
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modules commanded to their isolated modes, whereby a second received signal, 
corresponding to the selected value of the commanded complex amplification at 
reception for the selected module (27-i) and the selected second test signal is 
obtained; 

5 p) comparing the second received signal and the selected second test signal; 

q) generating a value corresponding to a complex error amplification at reception 
for the selected module (27-i), this being done in dependence of the comparison, 
according to substep h), of the first received signal and the selected first test 
signal and the comparison, according to substep p) of the second received signal 
10 and the selected second test signal; and 

r) switching the control signals associated with the selected value of the 

commanded complex amplification at reception for the selected module (27-i) to 
the control means (81-i, 85-i) for controlling the complex amplification at 
reception for the selected module (27-i) in dependence of the value corresponding 
15 to the complex error amplification at reception for the selected module (27-i). 



5. A method according to claim 4, characterized in that the substep i) in turn 

comprises the following substep: 
s) repeating the substeps 1) through r) until a predetermined number of values of the 
20 commanded complex amplification at reception for the selected module (27-i) 

have been selected. 



6. A method according to any one of the claims 4 or 5, characterized in that the 
switching of the control signals to the control means (81-i, 85-i) in the substep r) 
25 implies that this is done in such a way that the phase shift of the selected module 

(27-i) at reception is reduced corresponding to an argument to the complex error 
amplification at reception and in such a way that the amplification of the selected 
module (27-i) at reception is changed by a factor corresponding to one divided by 
the value of the complex error amplification at reception. 



30 
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7. A method according to any one of the claims 3-6, characterized in that die 
substep p) in turn comprises the following substep: 

t) measuring a second complex amplification ratio at reception for the selected 
module (27-i), corresponding to the selected carrier frequency and the selected 
value of the commanded complex amplification at reception for the selected 
module (27-i). 

8. A method according to claim 1, characterized in that the selection of the 
selected second test signal in the substep m) implies that a second narrowband 
oscillator signal is selected as the second test signal, the second narrowband 
oscillator signal having a centre frequency substantially corresponding to the 
selected carrier frequency. 

9. A method according to claim 8, characterized in that the substep t) in turn 
comprises die following substeps: 

u) detecting a phase difference between the second received signal and the selected 
second test signal; and 

v) detecting an amplitude ratio between the second received signal and the selected 
second test signal, said second complex amplification ratio at reception for the 
selected module having an argument corresponding to the phase difference 
detected in the substep u) and an absolute value corresponding to the amplitude 
ratio detected in the substep v). 

10. A method according to claim 7, characterized in that the selection of the 
selected second test signal in the substep m) implies that a second broadband 
signal is selected as the selected second test signal, said second broadband signal 
comprising the selected carrier frequency. 

1 1. A method according to claim 10, characcterized in that the substep t) in turn 
comprises the following substeps: 
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x) generating a Fourier transform of the second received signal; 
y) generating a Fourier transform of the selected second test signal; and 
z) generating a second ratio value corresponding to a ratio between the value of the 
Fourier transform according to the substep x), at the selected carrier frequency 
and the value of the Fourier transform according to the substep y) at the selected 
carrier frequency, said second complex amplification ratio at reception for the 
selected module (27-i) corresponding to the second ratio value. 

12. A method according to any one of the claims 2-9, characterized in that the 
substep h) in turn comprises the following substep: 

aa) measuring a first complex amplification ratio at reception for the selected 
module (27-i), corresponding to the reference mode at reception for the selected 
module (27-i) and the selected carrier frequency. 

13. A method according to claim 12, characterized in that the selection of the 
selected first test signal in the substep e) implies the selection of a first 
narrowband oscillator signal as the first selected test signal, said first narrowband 
oscillator signal having a centre frequency substantially corresponding to the 
selected carrier frequency. 

14. A method according to claim 13, characterized in that the substep aa) in turn 
comprises the following substeps: 

ab) detecting a phase difference between the first received signal and the selected 
first test signal; and 

ac) detecting an amplitude ratio between the first received signal and the selected 
first test signal, the first complex amplification ratio at reception for the selected 
module (27-i) having an argument corresponding to the phase difference detected 
in the substep ab) and an argument corresponding to the amplitude ratio detected 
in the substep ac). 
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15. A method according to claim 12, characterized in that the selection of the 
selected first test signal in the substep e) implies the selection of a first broadband 
signal as the selected first test signal, the first broadband signal comprising the 
selected carrier frequency. 

16. A method according to claim 15, characterized in that the substep aa) in tum 
comprises the following substeps: 

ad) generating a Fourier transform of the first received signal; 

ae) generating a Fourier transform of the selected first test signal; and 

af) generating a first ratio value corresponding to a ratio of the value of the Fourier 
transform according to the substep ad) at the selected carrier frequency and the 
value of the Fourier transform according to the substep ae) at the selected carrier 
frequency, the first complex amplification ratio at reception for the selected 
module (27-i) corresponding to the first ratio value. 

17. A method according to any one of the claim 1-16, characterized in that the step 
a) in tum comprises the following substeps: 

ag) selecting for each module (27-(l-N)) a setting of the control signal controlling 
the control means (81-(1-N), 85-(l-N)) for controlling the complex amplification 
at reception for the respective module (27- (1-N)); 

ah) making a survey of the complex amplifications at reception for the modules (27- 
(1-N)) corresponding to the selected settings for the control signals; 

ai) storing data corresponding to the survey according to the substep ah) in the 
antenna system (23); and 

aj) arranging at least one temperature measuring device (141-(1-N) in the antenna 
system. 

18. A method for the cahbration during transmission in an antenna system (23) 
arranged to utilize at least one carrier frequency, said antenna system (23) 
comprising a test antenna (45), an electrically controlled antenna (25) having at 
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least two modules (IT-Cl-N)) with controllable control means (81-(1-N), 85-(l- 
N)) for the control of a complex amplification at transmission for the respective 
module (27-(l-N)) and means for generating control signals to the control means 
(81-(1-N), 85-(l-N)), said control signals being associated with at least one value 
5 of a commanded complex amplification at transmission for the respective module 

(27-(l-N), and each of the modules (27-(l-N)) being arranged with a 
commandable isolated mode, characterized by the following steps: 

a) arranging, for each module (27-(l-N)), a commandable reference mode at 
reception, at which the complex amplification at the reception for the module 

10 (27-(l-N)) is known; and 

b) calibrating, at transmission, substantially all the modules (27-(l-N)) for at least 
one of the carrier frequencies based on an investigation of the complex 
amplifications at transmission for the modules (27-(l-N)) wherein the complex 
ampUfications at transmission for the modules (27-(l-N)) are investigated by 

15 transmitting test signals through the test antenna (45) and receiving them through 

the electrically controlled antenna (25), and by transmitting test signals through 
the electrically controlled antenna (25) and receiving them through the test 
antenna (45), whereby the effect of an unknown signal influence on the test 
signals is eliminated by use of the reference modes at reception for the modules 

20 (27-(l-N)). 

19. A method according to claim 18, characterized in that the step b) in turn 
comprises the following substeps: 

c) selecting one of the carrier frequencies; 

25 d) selecting one of the modules as a reference module (27-r); 

e) selecting a value for the commanded complex amplification at transmission for 
the reference module (27-r) as a value for comparison at transmission; 

f) calibrating the reference module (27-r) during transmission for the selected 
carrier frequency in relationship to the complex amplification at transmission for 
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the reference module (27-r), corresponding to the selected carrier frequency and 
the value for comparison at transmission; and 

g) calibrating substantially all the modules (27-(l-N)) in addition to the reference 
module (27-r), at transmission for the selected carrier frequency in relationship to 
the complex amplification at transmission for the reference module (27-r), 
corresponding to the selected carrier frequency and the value for comparison at 
transmission. 

20. A method according to claim 19, characterized in that the step b) in turn 
comprises the following substeps: 

h) repeating the substeps c) through g) until a predetermined number of the carrier 
frequencies has been selected. 

21. A method according to any one of the claims 19 or 20, characterized in that the 
substep f) in turn comprises the following substeps: 

i) selecting a first test signal, comprising the selected carrier frequency; 

j) transmitting the selected first test signal through the electrically controlled 
antenna (25) with the reference module (27-r) commanded to its transmission 
mode with the value for comparison at transmission and with the other modules 
commanded to their isolated modes; 

k) receiving the first test signal, transmitted from the electrically controlled antenna 
(25) by the test antenna (45), whereby a first received signal, corresponding to the 
reference module (27-r) the value for comparison at transmission and the first test 
signal are obtained; 

1) comparing the first received signal and the selected first test signal; 

m) calibrating, at transmission, the reference module (27-r) in relationship to the 
complex amplification at transmission for the reference module (27-r), 
corresponding to the selected carrier frequency and the value for comparison at 
transmission, for the selected carrier frequency and at least one value of the 
commanded complex amplification at transmission for the reference module (27- 
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r), utilizing the comparison according to the substep 1) of the first received signal 
and the selected first test signal. 



22. A method according to claim 21, characterized in that the substep m) in turn 
comprises the following substeps: 

n) selecting a value for the commanded complex amplification at reception for the 
reference module (27-r); 

o) selecting a second test signal comprising the selected carrier frequency; 

p) transmitting the selected second test signal, through the electrically controlled 
antenna (25), with the reference module (27-r) commanded to its transmission 
mode with the selected value of the commanded complex amplification at 
transmission for the reference module (27-r) and with the other modules 
commanded to their isolated modes; 

q) receiving the selected second test signal transmitted from the electrically 
controlled antenna (25) by the test antenna (45) whereby a second received 
signal, corresponding to the selected value of the commanded complex 
amplification at transmission for the reference module (27-r) and the second test 
signal, is obtained; 

r) comparing the second received signal to the selected second test signal; 

s) generating a value corresponding to a complex error ratio at transmission for the 
reference module (27-r), corresponding to the selected carrier frequency, the 
selected value of the commanded complex amplification at transmission for the 
reference module (27-r) and the value for comparison at transmission, said 
generation being carried out in dependence of the comparison, according to the 
substep 1), of the first received signal and the selected first test signal and the 
comparison, according to the substep r) of the second received signal and the 
selected second test signal; and 

t) switching the control signals associated with the selected value of the 

commanded complex amplification at transmission for the reference module (27- 
r) to the control means (81-r, 85-r) for controlling the complex amplification at 
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transmission for the reference module (27-r), this being done in dependence of 
the value corresponding to the complex error ratio at transmission for the 
reference module (27-r). 

23. A method according to claim 22, characterized in that the substep m) in tum 
comprises the following substep: 

u) repeating the substeps n) through t) until a predetermined number of values of the 
commanded complex amplification at transmission for the reference module 
(27-r) have been selected. 

24. A method according to any one of the claims 22 or 23, characterized in that 
the switching of the control signals to the control means (81-r, 85-r) in the 

substep 

t) implies that this is done in such a way that the phase shift of the reference 
module (27-r) is reduced corresponding to an argument to the complex error ratio 
at transmission for the reference module (27-r) and in such a way that the 
amplification of the reference module (27-r) is changed by a factor corresponding 
to one divided by an absolute value of the complex error ratio at reception for the 
reference module (27-r). 

25. A method according to any one of the claims 19-24, characterized in that the 
step g) in tum comprises the following substeps: 

v) selecting a third test signal, comprising the selected carrier frequency; 

w) transmitting the selected third test signal through the test antenna (45); 

x) receiving the selected third test signal transmitted through the test antenna (45), 
through the electrically controlled antenna (25) by the reference module (27-r) 
commanded to its reference mode at reception and with the other modules 
commanded to their isolated modes, whereby a third received signal, 
corresponding to the reference mode at reception for the reference module (27-r) 
and the selected third test signal is obtained; 
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y) comparing the third received signal and the selected third test signal; 
z) selecting a fourth test signal comprising the selected carrier frequency; 

aa) transmitting the selected fourth test signal through the electrically controlled 
antenna (25) with the reference module (27-r) commanded to its transmission 

5 mode with the value for comparison at transmission and with the other modules 

commanded to their isolated modes; 

ab) receiving the fourth test signal, transmitted from the electrically controlled 
antenna (25) by the test antenna (45), whereby a fourth received signal, 
corresponding to the reference module (27-r), the value for comparison at 

10 transmission and the first test signal is obtained; 

ac) comparing the fourth received signal to the selected fourth test signal; 

ad) selecting one of the modules (27-i) in addition to the reference module (27-r); 

ae) calibrating, at transmission, the selected module (27-i) in relationship to the 
complex amplification of the reference module (27-r), corresponding to the 

15 selected carrier frequency and the value for comparison at transmission, for the 

selected carrier frequency and at least one value of the commanded complex 
amphfication at transmission for the selected module (27-i), utilizing the 
comparison, according to the substep ac) of the fourth received signal and the 
fourth test signal, and the comparison, according to the substep y), between the 

20 third received signal and the third test signal to eliminate the effects of the 

unknown signal influence; and 

af) repeating the substeps ab) and ac) until substantially all the modules (27-(l-N)) 
have been selected. 

25 26. A method according to claim 25, characterized in that the substep ac) in turn 
comprises the following substeps: 

ag) selecting a fifth test signal; 

ah) transmitting the selected fifth test signal through the test antenna (45); 

ai) receiving the selected fifth test signal transmitted through the test antenna (45), 
30 through the electrically controlled antenna (25) with the selected module (27-i) 
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commanded to its reference mode at reception and with the other modules 
commanded to their isolated modes, whereby a fifth received signal, 
corresponding to the reference mode at reception for the selected module (27-i) 
and the selected fifth test signal is obtained; 
5 aj) comparing the fifth received signal and the selected fifth test signal; 

ak) selecting a value of the commanded complex amplification at transmission for 
the selected module (27-i); 

al) selecting a sixth test signal comprising the selected carrier frequency; 

am) transmitting the selected sixth test signal, through the electrically controlled 
10 antenna (25), with the selected module (27-i) commanded to its transmission 

mode with the selected value of the commanded complex amplification at 
transmission for the selected module (27-i) and with the other modules 
commanded to their isolated modes; 

an) receiving the selected sixth test signal transmitted from the electrically 
15 controlled antenna (25) by the test antenna (45) whereby a sixth received signal, 

corresponding to the selected value of the commanded complex amplification at 
transmission for the selected module (27-i) and the selected sixth test signal, is 
obtained; 

ao) comparing the sixth received signal to the selected sixth test signal; 

20 ap) generating a value corresponding to a complex error ratio at transmission for the 
selected module (27-i), corresponding to the selected carrier frequency, the 
selected value of the commanded complex amplification at transmission for the 
selected module (27-i) and the value for comparison at transmission, said 
generation being carried out in dependence of the comparison, according to the 

25 substep y), of the third received signal and the selected third test signal and the 

comparison, according to the substep ac) of the fourth received signal and the 
selected fourth test signal, the comparison according to the substep aj) of the fifth 
received signal and the fifth test signal, and the comparison according to the 
substep ao) of the sixth received signal and the selected sixth test signal; and 

30 aq) switching the control signals associated with the selected value of the 
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commanded complex amplification at transmission for the selected module (27-i) 
to the control means (81-i, 85-i) for controlling the complex amplification at 
transmission for the selected module (27-i), this being done in dependence of the 
value corresponding to the complex error ratio at transmission for the selected 
5 module (27-i). 

27. A method according to claim 26, characterized in that the substep ac) in turn 
comprises the following substep: 

ar) repeating the substeps ak) through aq) until a predetermined number of values of 
10 the commanded complex amplification at reception for the selected module (27- 

i) 

have been selected. 

28. A method according to any one of the claims 26 or 27, characterized in that the 
15 switching of the control signals to the control means (81-i, 85-i) in the substep 

aq) imphes that the control signals are switched in such a way that the phase shift of 
the selected module (27-i) is reduced corresponding to an argument to the 
complex error ratio for the selected module (27-i) at reception and in such a way 
that the amplification of the selected module (27-i) is changed by a factor 
20 corresponding to one divided by the value of the complex error ratio at 

transmission for the selected module (27-i). 

29. A method for the calibration of an antenna system (23) during transmission, 
said antenna system (23) being arranged to utilize at least one carrier frequency, 

25 and comprising a test antenna (45), an electrically controlled antenna (25) having 

at least two modules (27-(l-N)) with controllable control means (81-(1-N), 85- 
(1-N)) for the control of a complex amplification at transmission for the 
respective module (27-(l-N)) and means (91-(1-N)) for generating control 
signals to the control means (81-(1-N), 85-(l-N)), said control signals being 

30 associated with at least one value of a conunanded complex amplification at 
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transmission for the respective module (27-(l-N), and each of the modules (27- 
(1-N)) being arranged with a commandable isolated mode, characterized by the 
following steps: 

a) arranging, for each module (27-(l-N)), a commandable reference mode at 
transmission, at which the complex amplification at the transmission for the 
module (27-(l-N)) is known; and 

b) calibrating, at transmission, substantially all the modules (27-(l-N)) for at least 
one of the carrier frequencies based on an investigation of the complex 
amplifications at transmission for the modules (27-(l-N)) said complex 
amplifications at transmission for the modules (27-(l-N)) being investigated by 
transmitting test signals through the electrically controlled antenna (25) and 
receiving them through the test antenna (45), and by transmitting test signals 
through the electrically controlled antenna (25) and receiving them through the 
test antenna (45) whereby the effect of an unknown signal influence on the test 
signals is eliminated by use of the reference modes at transmission for the 
modules (27-(l-N)). 

30. A method according to claim 29, characterized in that the step b) in turn 
comprises the following substeps: 

c) selecting one of the carrier frequencies; 

d) selecting one of the modules (27-i); 

e) selecting a first test signal, comprising the selected carrier frequency; 

f) transmitting the selected first test signal through the electrically controlled 
antenna (45), with the selected module (27-i) commanded to its reference mode at 
transmission and with the other modules conrmianded to their isolated modes; 

g) receiving the selected first test signal transmitted through the electrically 
controlled antenna (25), through the test antenna (45), whereby a first received 
signal, corresponding to the reference mode at transmission for the selected 
module (27-i) and the selected first test signal is obtained; 

h) comparing the first received signal to the selected first test signal; 
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i) calibrating, at transmission, the selected module (27-i) for the selected carrier 
frequency and at least a value of the commanded complex amplification at 
transmission for the selected module (27-i), using the comparison, according to 
the substep h), between the first received signal and the selected first test signal, 
5 to eliminate the influence of the unknown signal influence; and 

j) repeating the substeps d) through i) until substantially all the modules (27-(l-N)) 
have been selected. 

31. A method according to claim 30, characterized in that the step b) in turn 
10 comprises the following substep: 

k) repeating the substeps c) through j) until a predetermined number of the carrier 
frequencies has been selected. 

32. A method according to any one of the claims 30 or 31, characterized in that the 
15 substep i) in turn comprises the following substeps: 

1) selecting a value for the commanded complex amplification at transmission for 

the selected module (27-i); 
m) selecting a second test signal comprising the selected carrier frequency; 
n) transmitting the selected second test signal through the electrically controlled 
20 antenna (25) with the selected module (27-i) commanded to its transmission 

mode with the selected value of the commanded complex amplification at 

transmission for the selected module (27-i) and with the other modules 

commanded to their isolated modes; 
o) receiving the selected second test signal transmitted through the electrically 
25 controlled antenna (25) through the test antenna (45), whereby a second received 

signal, corresponding to the selected value of the commanded complex 

amplification at transmission for the selected module (27-i) and the selected 

second test signal is obtained; 
p) comparing the second received signal and the selected second test signal; 
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q) generating a value corresponding to a complex error amplification at transmission 
for the selected module (27-i) corresponding to the selected carrier frequency and 
the selected value of the commanded complex amplification at transmission for 
the selected module (27-i), this being done in dependence of the comparison, 
according to the substep h), between the first received signal and the selected first 
test signal and the comparison, according to the substep p) between the second 
received signal and the selected second test signal; and 

r) switching the control signals associated with the selected value of the 

commanded complex amplification at transmission for the selected module (27-i) 
to the control means (81-i, 85-i) for controlling the complex amplification at 
transmission for the selected module (27-i) in dependence of the value 
corresponding to the complex error amplification at transmission for the selected 
module (27-i). 

33. A method according to claim 32, characterized in that the substep i) in turn 
comprises the following substep: 

s) repeating the substeps 1) through r) until a predetermined number of values of the 
commanded complex amplification at transmission for the selected module (27-i) 
have been selected. 

34. A method according to any one of the claims 32 or 33, characterized in that the 
switching of the control signals to the control means (81-i, 85-i) in the substep r) 
implies that this is done in such a way that the phase shift of the selected module 
(27-i) at transmission is reduced corresponding to an argument to the complex 
error amplification at transmission and in such a way that the amplification of the 
selected module (27-i) at transmission is changed by a factor corresponding to 
one divided by the value of the complex error amplification at transmission. 

35. A method for the calibration of an antenna system (23) during reception, said 
antenna system (23) being arranged to utilize at least one carrier frequency, and 
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comprising a test antenna (45), an electrically controlled antenna (25) having at 
least two modules (27-(l-N)) with controllable control means (81-(1-N), 85-(l- 
N)) for the control of a complex amplification at reception for the module (27-(l- 
N)) and means (91-(1-N)) for generating control signals to the control means (81- 
5 (1-N), 85-(l-N)), said control signals being associated with at least one value of a 

commanded complex amplification at reception for the respective module (27-(l- 
N)), and each of the modules (27-(l-N)) being arranged with a commandable 
isolated mode, characterized by the following steps: 

a) arranging, for each module (27-(l-N)), a commandable reference mode at 
10 transmission, at which the complex amplification at the transmission for the 

module (27-(l-N)) is known; and 

b) calibrating substantially all the modules (27-(l-N)) at reception for at least one of 
the carrier frequencies based on an investigation of the complex amplifications at 
reception for the modules (27-(l-N)), the complex amplifications at reception for 

15 the modules (27-(l-N)) being investigated by transmitting test signals through the 

test antenna (45) and receiving them through the electrically controlled antenna 
(25), and transmitting test signals through the electrically controlled antenna (25) 
and receiving them through the test antenna (45), whereby the effect of an 
unknown signal influence on the test signals is eliminated by use of the reference 

20 modes at reception for the modules (27-(l-N)). 

36. A method according to claim 35, characterized in that the step b) in turn 
comprises the following substeps: 

c) selecting one of the carrier frequencies; 

25 d) selecting one of the modules as a reference module (27-r); 

e) selecting a value for the commanded complex amplification at transmission for 
the reference module (27-r) as a value for comparison at reception; 

f) calibrating of the reference module (27-r) during reception for the selected carrier 
frequency in relationship to the complex amplification at reception for the 
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reference module (27-r), corresponding to the selected carrier frequency and the 
value for comparison at reception; and 

g) calibrating the reference module (27-r) at reception for the selected carrier 
frequency in relationship to the complex amplification at reception for the 
reference module (27-r), corresponding to the selected carrier frequency and the 
value for comparison at reception. 

37. A method according to claim 36, characterized in that the step b) in turn also 
comprises the following substeps: 

h) repeating the steps c) through g) until a predetermined number of carrier 
frequencies have been selected. 

38. A method according to any one of the claims 36 or 37, characterized in that the 
step f) in turn comprises the following substeps: 

i) selecting a first test signal, comprising the selected carrier frequency; 
j) transmitting the selected first test signal through the test antenna (45); 

k) receiving the selected first test signal transmitted through the test antenna, 
through die electrically controlled antenna (25) with the reference module (27-r) 
commanded to its reception mode with the value for comparison at reception and 
with the other modules commanded to their isolated modes, whereby a first 
received signal, corresponding to the reference module (27-r), the value for 
comparison at reception and the selected first test signal is obtained; 

1) comparing the first received signal and the selected first test signal; 

m) cahbrating, at reception, the reference module (27-r) in relationship to the 
complex amplification at reception for the reference module (27-r), 
corresponding to the selected carrier frequency and the value for comparison at 
reception, for the selected carrier frequency and at least one value of the 
commanded complex amplification at reception for the reference module (27-r), 
utilizing the comparison according to the substep 1) of the first received signal 
and the selected first test signal. 
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39. A method according to claim 38, characterized in that the substep ra) in turn 
comprises the following substeps: 

n) selecting a value for the commanded complex amplification at reception for the 
reference module (27-r); 
5 o) selecting a second test signal comprising the selected carrier frequency; 

p) transmitting the selected second test signal through the test antenna (45); 

q) reference receiving the selected second test signal transmitted through the test 
antenna (45) through the electrically controlled antenna (25), with the reference 
module (27-r) commanded to reception with the selected value of the commanded 
10 complex amplification at reception for the reference module (27-r) and with the 

other modules commanded to their isolated modes, whereby a second received 
signal, corresponding to the selected value of the commanded complex 
amplification at reception for the module (27-r) and the selected second test 
signal is obtained; 

15 r) comparing the second received signal and the selected second test signal; 

s) generating a value corresponding to a complex error ratio at reception for the 
reference module (27-r), corresponding to the selected carrier frequency, the 
selected value of the commanded complex amplification at reception for the 
reference module (27-r) and the value for comparison at reception, this being 

20 done in dependence of the comparison, according to the substep 1), between the 

first received signal and the selected first test signal and the comparison, 
according to the substep r) between the second received signal and the selected 
second test signal; and 
t) switching the control signals associated with the selected value of the 

25 commanded complex amplification at reception for the reference module (27-r) to 

the control means (81-r, 85-r) for controlling the complex ampUfication at 
reception for the reference module (27-r), this being done in dependence of the 
value corresponding to the complex error ratio at reception for the reference 
module (27-r). 
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40. A method according to claim 39, characterized in that the substep m) in turn 

comprises the following substep: 
u) repeating the substeps n) through t) until a predetermined number of values of the 

commanded complex amplification at reception for the reference module (27-r) 

have been selected. 



41. A method according to any one of the claims 39 or 40, characterized in that the 
switching of the control signals to the control means (81-r, 85-r) in the substep t) 
implies that this is done in such a way that the phase shift of the reference module 
(27-r) at reception is reduced corresponding to an argument to the complex error 
ratio at reception for the reference module (27-r) and in such a way that the 
amplification of the reference module (27-r) at reception is changed by a factor 
corresponding to one divided by an absolute value of the complex error ratio at 
reception for the reference module (27-r). 

42. A method according to any one of the claims 36-41, characterized in that the 
step g) in turn comprises the following substeps: 

v) selecting a third test signal, comprising the selected carrier frequency; 

w) transmitting the selected third test signal through the electrically controlled 
antenna (45), with the reference module (27-r) commanded to the reference mode 
at transmission and with the other modules commanded to their isolated modes; 

x) receiving the selected third test signal transmitted through the electrically 
controlled antenna (25) , through the test antenna (45), whereby a third received 
signal, corresponding to the reference mode at transmission for the reference 
module (27-r) and the selected third test signal is obtained; 

y) comparing the third received signal and the third test signal; 

z) selecting a fourth test signal comprising the selected carrier frequency; 

aa) transmitting the selected fourth test signal through the test antenna (45); 

ab) receiving the fourth test signal, transmitted from the test antenna (45) by the 
electrically controlled antenna (25), with the reference module (27-r) conunanded 
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to reception mode with the value for comparison at reception and with the other 
modules commanded to their isolated modes; whereby a fourth received signal, 
corresponding to the reference module (27-r), the value for comparison at 
transmission and the first test signal are obtained; 

ac) comparing the fourth received signal to the selected fourth test signal; 

ad) selecting one of the modules (27-i) in addition to the reference module (27-r); 

ae) calibrating the selected module (27-i) at reception in relationship to the complex 
amplification of the reference module (27-r), corresponding to the selected carrier 
frequency and the value for comparison at reception, for the selected carrier 
frequency and at least one value of the commanded complex amplification at 
reception for the selected module (27-i), utilizing the comparison, according to 
the substep y), of the third received signal and the third test signal to eliminate the 
effects of the unknown signal influence; and 

af) repeating the substeps ab) and ac) until substantially all the modules (27-(l-N)) 
have been selected. 

43. A method according to claim 42, characterized in that the substep ac) in turn 
comprises the following substeps: 

ag) selecting a fifth test signal 

ah) transmitting the selected fifth test signal through the electrically controlled 
antenna (25) with the selected module (27-i) commanded to its reference mode at 
transmission, and with the other modules commanded to their isolated modes; 

ai) receiving the selected fifth test signal transmitted through the electrically 
controlled antenna (25) through the test antenna (45), whereby a fifth received 
signal, corresponding to the reference mode at transmission for the selected 
module (27-i) and the selected fifth test signal is obtained; 

aj) comparing the fifth received signal and the selected fifth test signal; 

ak) selecting a value of the commanded complex amplification at reception for the 

selected module (27-i); 
al) selecting a sixth test signal comprising the selected carrier frequency; 
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am) transmitting the selected sixth test signal through the test antenna (45); 

an) receiving the selected sixth test signal transmitted through the test antenna (45), 
through the electrically controlled antenna (25) with the selected module (27-i) 
commanded to its reception mode with the selected value of the commanded 
complex amplification at reception for the selected module (27-i) and with the 
other modules commanded to their isolated modes, whereby a sixth received 
signal, corresponding to the reference mode at reception for the selected module 
(27-i) and the selected sixth test signal is obtained; 

ao) comparing the sixth received signal and the selected sixth test signal; 

ap) generating a value corresponding to a complex error ratio at reception for the 
selected module (27-i) corresponding to the selected carrier frequency and the 
selected value of the commanded complex amplification at reception for the 
selected module (27-i), and the value for comparison at reception, this being 
done in dependence of the comparison, according to the substep y), between the 
third received signal and the selected third test signal, the comparison according 
to the substep ac) of the fourth received signal and the selected fourth test signal, 
the comparison according to the substep aj) of the fifth received signal and the 
selected fifth test signal and the comparison, according to the substep ao) between 
the sixth received signal and the selected sixth test signal; and 

aq) switching the control signals associated with the selected value of the 
commanded complex amplification at reception for the selected module (27-i) to 
the control means (81-i, 85-i) for controlling the complex amplification at 
reception for the selected module (27-i), this being done in dependence of the 
value corresponding to the complex error ratio at transmission for the selected 
module (27-i). 

44. A method according to claim 43, characterized in that the substep ac) in turn 

comprises the following substep; 
ar) repeating the substeps ak) through aq) until a predetermined number of values of 
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the commanded complex amplification at reception for the selected module (27- 

i) 

have been selected. 

5 45. A method according to any one of the claims 43 or 44, characterized in that the 
switching of the control signals to the control means (81-i, 85-i) in the substep 
ao) implies that the control signals are switched in such a way that the phase shift 
of the selected module (27-i) at reception is reduced corresponding to an 
argument to the complex error ratio for the selected module (27-i) at reception 
10 and in such a way that the amplification of the selected module (27-i) at 

reception is changed by a factor corresponding to one divided by the value of the 
complex error ratio at transmission for the selected module (27-i). 

46. A self caUbrating antenna system (23) arranged to utilize at least one carrier 
15 frequency, comprising 

a test antenna (45); 

an electrically controlled antenna (25) having at least two modules (27-(l-N)) 
with controllable control means (81-(1-N), 85-(l-N)) for the control of a 
complex 

20 amplification at reception for the respective module (27-(l-N)), each module 

(27- 

(1-N)) being arranged with a conunandable isolated mode, in which the module 
substantially does not let signals through; 

means (91 -(1-N)) for generating control signals to the control means (81 -(1-N), 
25 85-(l-N)), said control signals to the control means being associated with at least 

one value of a commanded complex amplification at reception for the respective 
module (27-(l.N)); 

means (49) for generating test signals, said antenna system (23) being arranged in 
such a way that the test signals are transmitted through the test antenna; 
30 a receiver (61), arranged to receive the test signals as well as signals received 
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through the electrically controlled antenna (25), characterized in 
that each module (27-(l-N)) is arranged with a commandable reference mode at 
reception, at which the complex amplification at the reception for the module 
(27-(l"N)) is known; and 

that the antenna system (23) is arranged for calibrating at reception of 
substantially all the modules (27-(l-N)) based on an investigation of the complex 
amplifications at reception for the modules (27-(l-N)), the antenna system (23) 
being arranged to investigate the complex amplifications at reception for the 
modules (27-(l-N)) by transmitting test signals through the test antenna (45) and 
receiving them through the electrically controlled antenna by the receiver, said 
antenna system (23) being arranged to eliminate the effect of an unknown signal 
influence on the test signals is eliminated by use of the reference modes at 
reception for the modules (27-(l-N)). 

47. A self calibrating antenna system (23) according to claim 46, characterized in 
that the antenna system (23) comprises memory means, said memory means 
comprising data describing the complex amplification at reception for each 
module (27-(l-N)) as a function of frequency and temperature, corresponding to 
predetermined settings of the control signals to the control means (81-(1-N), 85- 
(1-N)) for controlling the complex amplification at reception for the module (27- 
(1-N)), and 

that the antenna system (23) comprises at least one temperature measuring device 
(141-(1-N)). 

48. A self calibrating antenna system (23) according to claim 46, characterized in 
that each module (27-(l-N)) comprises a reference device (319-(1-N)), for 
example a transmission conductor; 

that each module (27-(l-N)) comprises controllable switches (303-(l-N)), 31 1- 
(1-N)) arranged in such a way that electronic circuitry (301-(1-N)) in the module 
may be bypassed through the reference device; 
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that the antenna system (23) comprises memory means, said memory means 
comprising data describing the complex amplification at reception for each 
module (27-(l-N)), when the electronic circuitry (301 -(1-N)) in the module is 
bypassed through the reference device (319-(1-N)), as a function of the 
frequency and the temperature; and 

that the antenna system comprises at least one temperature measuring device 
(I41.(l-N)). 



49. A self calibrating antenna system (23) arranged to utilize at least one carrier 
frequency, comprising 
a test antenna (45); 

an electrically controlled antenna (25) comprising at least two modules (27-(l- 
N)) having controllable control means (81-(1-N), 85-(l-N)) for controlling a 
complex amplification at transmission for the respective module, each module 
(27-(l-N)) being arranged with a conmandable isolated mode, in which the 
module substantially does not let any signals through; 

means (91-(1-N)) for generating control signals to the control means (81-(1-N), 
85-(l-N)), said control signals to the control means (81-(I-N), 85-(l-N)) being 
associated with at least one value of a commanded complex amplification at 
transmission for the respective module (27-(l-N)); 

means (49) for generating test signals, said antenna system (23) being arranged in 
such a way that the test signals can be transmitted on command either through 
the test antenna (45) or through the electrically controlled antenna (25); 
a receiver, arranged to receive the test signals and, on command, to receive 
signals either through the test antenna (45) or the electrically controlled antenna 
(25), characterized in 

that each module (27-1-N)) is arranged with a commandable reference mode at 
reception, at which the complex amplification of the module is known; and 
that the antenna system (23) is arranged for calibration at reception of 
substantially all the modules (27-(l-N)) for at least one of the carrier frequencies 
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based on an investigation of the complex amplifications at transmission for the 
modules (27-(l-N)), said antenna system (23) being arranged to investigate the 
complex amplifications at transmission for the modules (27-(l-N)) by 
transmitting test signals through the test antenna (45) and receiving them through 
5 the electrically controlled antenna (25), and by transmitting test signals through 

the electrically controlled antenna (25) and receiving them through the test 
antenna (45) of the receiver (61), said antenna system (23) being arranged to 
eliminate the effect of an unknown signal influence on the test signals by use of 
the reference modes at reception for the modules. 

10 

50. A self calibrating antenna system (23) arranged to utilize at least one carrier 
frequency, comprising 
a test antenna (45); 

an electrically controlled antenna (25) having at least two modules (27-(l-N)) 
15 with controllable control means (8 l-(l-N), 85-(l -N)) for the control of a 

complex 

amplification at reception for the respective module (27-(l-N)), each module 
(27- 

(1-N)) being arranged with a commandable isolated mode, at which the module 
20 substantially does not let signals through; 

means (91-(1-N)) for generating control signals to the control means (81-(1-N), 
85-(l-N)), said control signals being associated with at least one value of a 
commanded complex amplification at reception for the respective module (27-(l- 
N)); 

25 means (49) for generating test signals, said antenna system (23) being arranged in 

such a way that the test signals are transmitted through the electrically controlled 

antenna (25); 

a receiver (61), arranged to receive the test signals as well as signals received 
through the electrically controlled antenna (25), characterized in 
30 that each module (27-(l-N)) is arranged with a commandable reference mode at 
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transmission, at which the complex amplification at the transmission for the 
module (27-( 1 -N)) is known; and 

that the antenna system (23) is arranged for calibrating, at transmission, 
substantially all the modules (27-(l-N)) based on an investigation of the complex 
5 amplifications at transmission for the modules (27-(l-N)), the antenna system 

(23) being arranged to investigate the complex amplifications at transmission for 
the modules (27-(l-N)) by transmitting test signals tiirough the electrically 
controlled antenna (25) and receiving them through the test antenna (45) by the 
receiver (61), said antenna system (23) being arranged to eliminate the effect of 
10 an unknown signal influence on the test signals is eliminated by use of the 

reference modes at transmission for the modules (27-(l-N)). 

51. A self calibrating antenna system (23) according to claim 50, characterized in 
that the antenna system (23) comprises memory means, said memory means 
15 comprising data describing the complex amplification at transmission for each 

module (27-(l-N)) as a function of frequency and temperature, corresponding to 
predetermined settings of the control signals to the control means (81-(1-N), 85- 
(1-N)) for controlling the complex amplification at transmission for the module 
(27-(l-N))and 

20 that Uie antenna system (23) comprises at least one temperature measuring device 

(141-(1.N)). 



52. A self calibrating antenna system (23) according to claim 50, characterized in 
that each module (27-(l-N)) comprises a reference device (319-(1-N)), for 
25 example a transmission conductor; 

that each module (27-(l-N)) comprises controllable switches (303-(l-N)), 311- 
(1-N)) arranged in such a way that electronic circuitry (301-(1-N)) in the module 
may be bypassed through the reference device; 

that the antenna system (23) comprises memory means, said memory means 
30 comprising data describing the complex amplification at transmission for each 
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module (27-(l-N)), when the electronic circuitry (301 -(1-N)) in the module is 
bypassed through the reference device (319-(1-N)), as a function of the 
frequency and the temperature; and 

that the antenna system comprises at least one temperature measuring device 
(141-(1-N)). 

53. A self calibrating antenna system (23) arranged to utilize at least one carrier 
frequency, comprising 
a test antenna (45); 

an electrically controlled antenna (25) comprising at least two modules (27-(l- 
N)) having controllable control means (81-(1-N), 85-(l-N)) for controlling a 
complex amplification at reception for the respective module, each module (27- 
(1-N)) being arranged with a commandable isolated mode, in which the module 
substantially does not let any signals through; 

means (91-(1-N)) for generating control signals to the control means (81-(1-N), 
85-(l-N)), said control signals to the control means (81-(1-N), 85-(l-N)) being 
associated with at least one value of a commanded complex amplification at 
reception for the respective module (27-(l-N)); 

means (49) for generating test signals, said antenna system (23) being arranged in 
such a way that the test signals on conuxiand can be transmitted either through 
the test antenna (45) or through the electrically controlled antenna (25); 
a receiver, arranged to receive the test signals and, on command, to receive 
signals either through the test antenna (45) or the electrically controlled antenna 
(25), characterized in 

that each module (27-1-N)) is arranged with a conunandable reference mode at 
transmission, in which the complex amplification of the module is known; and 
that the antenna system (23) is arranged for calibration of substantially all the 
modules (27-(l-N)) at reception for at least one of the carrier frequencies based 
on an investigation of the complex amplifications at reception for the modules 
(27-(l-N)), said antenna system being arranged to investigate the complex 
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amplifications at transmission for the modules (27-(l-N)) by transmitting test 
signals through the test antenna (45) and receiving them through the electrically 
controlled antenna (25) by the receiver (61), and by transmitting test signals 
through the electrically controlled antenna (25) and receiving them through the 
test antenna (45) of the receiver (61) said antenna system (23) being arranged to 
eliminate the effect of an unknown signal influence on the test signals by use of 
the reference modes at reception for the modules. 
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